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PREFACE. 


X  HOSE  who  have  had  much  occasion  to  use  the 
mathelnatical  instruments  constructed  to  facilitate 
the  arts  of  drawing,  surveying,  &c.  have  long  com- 
plained that  a  treatise  was  wanting  to  explain  their 
use,  describe  their  adjustments,  and  give  such  an 
idea  of  their  construction,  as  might  enable  them 
to  select  those  that  are  best  adapted  to  their  re- 
spective purposes. 

This  complaint  has  been  the  more  general,  as 
there  are  few  active  stations  in  life  whose  professors 
are  not  often  obliged  to  have  recourse  to  mathema- 
tical instruments.  To  the  civil,  the  military,  and 
the  naval  architect,  their  use  must  be  familiar ;  and 
they  are  of  equal,  if  not  of  more  importance  to  the 
engineer,  and  the  surveyor ;  they  are  the  means  by 
which  the  abstract  parts  of  the  mathematics  are  ren- 
dered useful  in  life ;  they  connect  theory  with  prac- 
tice, and  reduce  speculation  to  use. 

Monsieur,  jBfonV  treatise  on  the  construction  of 
mathematical  instruments,  which  was  translated  into 
English  by  Mr.  StonCy  and  published  in  1723,  is  the 
only  regular  treatise  *  w.e  have  upon  this  subject ; 
the  numerous  improvements  that  have  been  made 
in  instruments  since  that  time,  have  rendered  this 
work  but  of  little  use.  It  has  been  my  endeavour 
by  the  following  Essays  to  do  away  this  complaint ; 
and  I  have  spared  no  pains  to  render  them  intelligi- 
ble, and  make  them  useful.  Though  the  materials, 
of  which  they  are  composed,  lie  in  common,  yet  it  is 
presumed,  that  essential  improvements  will  be  ^upd 
m  almost  every  part. 

*  I  do  not  speak  of  Mr.  Robertson's  work,  as  it  is  confined 
wholly  to  the  instrutoents  contained  in  a  case  of  drawing  instru* 
ments. 


These  Essays  begin  by  defining  the  neeessaiy 
terms,  and  stating  a  few  of  those  first  principles  on 
which  the  whole  of  the  work  is  founded  :  they 
then  proceed  to  describe  the  mathematical  drawing 
instruments ;  among  these,  the  reader  will  find  an 
account  of  ai^  improved  pair  of  triangular  com* 
passes,  a  small  pair  of  beam  compasses  with  a  mi* 
crometer  screw,  .four  new  parallel  rules,  and  other 
articles  not  hitherto  described :  these  are  followed 
by  a  large  collection  of  useful  geometrical  problems ; 
J  fatter  myself,  that  the  practitioner  will  find  many 
that  are  new,  and  which  are  well  adapted  to  lessen 
labour  and  promote  accuracy.  In  describing  the 
jpanner  of  dividing  large  quadrants,  I  have  first  given 
tjie  methods  used  by  instrument  makers,  previous 
to  the  publication  of  that  of  Mr.  Bird^  subjoining 
his  mode  thereto,  and.  endeavouring  to  render  it 
more  plain  to  the  artist  by  a  difierent  arrangement. 
This  is  succeeded  by  geometrical  and  mechanical 
itiethods  of  describing  circles  of  every  possible  mag* 
nitude  ;  for  the  greater  part  of  which  I  am  indebted 
to  Joseph  Priestley f  Rsq.  of  Bradford,  Yorkshire, 
whose  merit  has  been  already  noticed  by  an  aUer 
pen  than  mine.*  From  this,  I  proceed  to  give  a 
short  view  of  elliptic  and  other  compasses,  and  a 
description  oS  Suardi^s  geometric  pen^  an  instrument 
not  known  in  this  country,  and  whose  curious  pro* 
perties  will  exercise  the  ingenuity  of  mechanics  and 
mathematicians. 

Trigonometry  is  the  next  subject;  but  as  this 
work  was  not  designed  to  teach  the  elements  of 
this  art,. I  have  contented  myself  with  stating  the 
general  principles,  and  giving  the  canons  for  calcu* 
lation,  subjoining  some  useful  and  curious  problems^ 
which,  though  absolutely  necessary  in  many  cases 
that  occur  in  county  and  marine  surveying,  have 

*  Priestley^s  Perspsctivs, 


been  neglected  by  every  practical  writer  on  this  sub* 
ject,  except  Mr.  Mackenzie/^  and  B.  Donn.^ 
Borne  will  also  be  found,  that  are  even  unnoticed  by 
the  above-mentioned  authors. 

Our  next  aiticle  treats  of  surveying,  and  it  is 
presumed  the  reader  will  find  it  a  complete,  though 
concise  system  thereof.  The  several  instruments 
now  in  use,  and  the  methods  of  adjusting  them, 
are  described  in  order ;  and  I  think  it  will  appear 
evident,  from  a  view  of  those  of  the  best  construc- 
tion, that  large  estates  may  be  surveyed  and  plotted 
with  greater  accuracy  than  heretofore. 

The  great  improvements  that  have  been  made 
within  these  few  years  in  the  art  of  dividing,  have 
rendered  observers  more  accurate  and  more  attentive 
to  the  necessary  adjustments  of  their  instruments, 
which  are  not  now  considered  as  perfect,  unless  they 
are  so  constructed,  that  the  person  who  uses  them 
can  either  correct  or  allow  tor  the  errors  to  which 
they  are  liable.  Among  the  improvements  which 
the  instruments  of  science  have  received  from  the 
Jate  Mr.  Jtamsden,  we  are  to  reckon  those  of  the 
tbeodohte  here  described ;  the  surveyor  will  find 
also  the  description  of  a  small  quadrant  that  should 
be  constantly  used  with  the  chain,  improvements  in 
the  circumferentor,  plain  table,  protractor,  &c.  In 
treating  of  surveying,  I  thought  to  have  met  with 
no  difficulty ;  having  had  however  no  opportunity 
of  practice  myself,  I  had  recourse  to  books ;  a  raul* 
tiplicity  have  been  written  upon  this  subject,  but 
they  are  for  the  most  part  imperfect,  irregular,  and 
obscure.  I  have  endeavoured  (with  what  success 
must  be  left  to  the  reader's  judgment)  to  remove 
their  obscurities,  to  rectify  their  errors,  and  supply 
their  deficiencies;  but  whatever  opinion  he  may 
form  of  my  endeavours,  I  can  venture  to  say,  he 
will  be  highly  gratified  with  the  valuable  comniuni* 

*  Tr^i^tke  on  Mari.Ime  Surveying,        f  Dona's  Geometrician, 


'Via  PREFACE. 

c«tion«of  Mr.  Gale,*  and  Mr.  Milne^  here  inserted^ 
and  which  I  think  will  contribute  more  to  the  im- 
provement of  the  art  of  surveyings  than  any  thing 
it  has  received  since  its  original  invention* 

The  i*eader  will,  I  hope,  excuse  me,  if  I  stop  a 
moment  to  give  him  some  account  of  Mr.  Gal£$ 
improvements ;  they  consist,  first,  in  a  new  method 
of  plotting,  which  is  performed  by  scales  of  equal 
parts,  without  a  protractor,  from  the  northings  and 
southings,  eastings  and  westings,  taken  out  of  the 
table  which  forms  the  appendix  to  this  work  \\  this 
method  is  much  more  accurate  than  that  in  common 
use,  because  any  small  inaccuracy  that  might  happen 
in  laying  down  one  line  is  naturally  corrected  in 
the  next ;  whereas,  in  the  common  method  of  plot- 
ting by  scale  and  protractor,  any  inaccuracy  m  a 
former  line  is  naturally  communicated  to  all  the  sucr 
ceeding  lines.  The  next  improvement  consists  in,a 
new  method  of  determining  the  area,  with  superior 
accuracy,  from  the  northings,  southings,  eastings, 
and  westings,  without  any  regard  to  the  plot  or 
draught,'  by  an  easy  computation. 

As  the  measuring  a  straight  line  with  exactness 
is  one  of  the  greatest  difficulties  in  surveying,  I  was 
much  surprised  to  find  many  land  surveyors  using 
only  a  chain ;  a  mode  in  which  errors  are  multiplied 
without  a  possibility  of  their  being  discovered^  or 
corrected.  I  must  not  forget  to  mention  here,  that 
1  have  inserted  in  this  part  Mr.  Break's  method  of 
surveying  and  planning  by  the  plain  table,  the  bear- 
ings being  taken  and  protracted  at  the  same  instant 
■in  the  field  upon  one  sheet  of  paper ;  thus  avoiding 
the  trouble  and  inconvenience  of  shifting  the  paper: 
this  is  followed  by  a  small  sketch  of  maritime  sur- 
veying ;  the  use  of  the  pentographer,  or  pentagraph; 

*  A  gentleman  well  known  for  his  ingenious  publication  on 
finance. 

f  The  table  is  printed  separate,  that  it  may  be  purchased  or 
RO^  as  thp  surveyciff  sees  ponvenient 

2  • 


FUSIACS* 


1 


the  art  of  ievellmg^  and  a  few  astronomical  problemt^ 
With  the  manner  of  using  Hadley'^  quadrant  and 
sextant ;  even  here  some  suggestions  will  be  found 
^hat  are  new  and  usefuL 

I  have  now  to  name  another  gentleman,  who  has 
contributed  to  render  this  work  more  perfect  than  it 
would  otherwise  have  Ibeen^  and  it  is  with  pleasure  I 
return  my  best  thanks  to  Mn  Landman,  Professor 
of  Fortification  and  Artillery  to  the  Royal  Academy 
!at  Woolwich/  for  his  communications^  more  rarticu^ 
Wly  for  the  papers  from  which  the  course  of  prac^ 
tical  geometry  on  the  ground  was  extracted.  If 
the  professors  of  useful  sciences  woiild  thus  liberalljf 
'(do-operate  for  their  advancement,  the  progress 
thereof  would  be  rapid  and  extensive.  This  course 
will  be  found  useful  not  only  to  the  military  officer,, 
but  would  make  a  useful  and  entertaining  part  of 
every  gentleman's  education;  I  found  it  necessary 
to  abridge  the  papers  Mr.  Ijandman  lent  me^  Utid 
leave  out  the  calculations,  as  the  work  had  already 
awelled  to  a  larger  size  than  was  originally  intendedl^ 
though  printed  on  a  page  unusually  full. 

The  work  finishes  with  a  small  tract  on  perspec- 
tive, ahd  a  description  of  two  instruments  aesigned 
to  pif^mbte  knd  facilitate  the  practice  of  that  useful 
art;  It  is  hoped,  that  the  puolication  of  these  wilt 
prevent. the  public  from  being  imposed  upon  by 
men,  who  under  the  pretence  of,  secresy,  enhance 
the  value  of  their  contrivances.  I  knew  an ,  ifistanoe 
where  40l.  was  paid  for  an  instrument  inferior  to  the 
inost  ordinary  of  the  kind  that  are  sold  in  ttie  shops. 
Some  pains  hsive  been  taken,  and  no  sitiaH  dxpefic^ 
incurred,  to  ofier  something  to  the  public  supefkr 
in  construction,  and  easier  in  use,  than  any  initrii^ 
ment  of  the  kind  that  haft  been  hitherto  exhibited. 

I  have  been  aniticHis  and  solicttout^not  to  neglect 
any  thing  that  might  be  iiaeful  to^  the  practitioner^ 
of  acceptable  to  we  intelligent.  In  a  wpHk  which 
^braces  so  many  suhjects,  natwithslMk4inS  ^  ^^ 


pre  that  hd$  been  taken,  many  defects  tn^y  8til| 
'remain ;  I  sh&h.therejR>re  be  obliged  tx>  toy  one  who 
wtH  favour  fine  with  such'  hints'  or  observatrons*  as 
inay  tend  toward  its  improvement. 

A  lisl  of  the  authors  1  have  seen  is  subioined  tq 
this  prefece.*  1  beg  leave  to  return  niy  tnank^  t(> 
the  following  gentlemen.  4br  ttieiir  hints  ^hd  yaldable 
c6mnninicalions,  the  Rey.  Mr,  Hawkifis,  J.  Priest* 
fev,  Esq.  Mf.Oale,  Mr.  Milne,  Th.\kbtherhafn, 
Iwr.  tttywood,  Mr.  Landmahi  and  Mr.  Beck,  a  very 
,:|x)geriious  artist. 

f  As  t)ie  various  authors  are  cited  by  name  in  Uia  wprk»  ta> 
laVe  rooiDy  the  list  u  now  dispensed  with  in  this  edition.    Edit. 


ADVERTISEMENT 

.  *    •        •  ■*■.•"  ■  • 

*BY  Trit  flDlTOR. 


•  tN  the  two  preceding  editions  df  this  rtork,  i^e 
editor  made  such  corrections  and  additions,  as,  he 
is  happy,  gratejuily,  to  state,  have  met  with  great 
share  oj  public  approbation  and  encouragements 
To  this  Jourth  e4ition,  he  hias  further  added  ocah 
nenal  ytsirumental  and  exfmplary  articles,  caused 
the  en^aoing  of  the  plates  to  be  perfectly  repaired, 
i^/airu/hichi  he  humbly  presumes,  will  render  the 
work  still  more  deserving  of  the  notice  of  students 
and  practitioners  in  the  different  professional 
branchss  of  Geometry,  Trigonometry,  Surveying, 
Fortification,  S^c.  ^c. 

.Wyl.  181S.  W.JONES. 

*  Jitst  ])utili8h^d»  1>7  ftiB  ssime  Author  and  iSditdty  Astronomit^ 
tod  e^ogtapMcal 'Ebsays,  m^Svo.  *wiA  ileventeen  plates/ sixth 
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PRINCIPLES. 

vTEOMBTKY  originally  signified,  according  to 
the  etymology  of  the  name,  the  art  of  measuring 
the  earth;  but  id  now  ihe  science  that  treats  of^ 
and  considers  the  properties  of  magnitude  in  ge- 
neral. In  other  words,  extension  and  figure  arc 
the  objects  of  geometry.  It  is  a  science,  in  which 
human  reason  has  the  most  ample  field,  and  can 
go  deeper,  and  with  more  -certainty,  than  in  any 
other.  It  is  divided  into  two  parts.  Theoretical  and 
Practical. 

Theoretical  geometiy  considers  and  treats  of  first 
principles  abstractedly.  Practical  geometry  applies 
these  considerations  to  the  purposes  of  life.  By 
practical  geometry  many  operations  are  performed 
of  the  utmost  importance  to  society  and  the  arts. 
**  The  effects  thereof  are  extended  through  the 
principal  operations  of  human  skill :  it  conducts  the 
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soldier  in  the  field,  the  seaman  on  the  ocean : 
it  giv^s  strength  to  the  fortress,  and  elegance  to  the 
palace/* 

The  invention  of  geometry  has  been,  by  all  the 
most  eminent  writers  on  the  science,  attributed  to 
the  Egyptians ;  and  that  to  the  frequent  inunda- 
tions of  the  river  Nile  upon  the  country,  we  owe 
the  rise  of  this  subhme  branch  of  human  knowledge; 
the  land- marks  and  boundaries  being  in  this  way 
destroyed,  the  previous  knowledge  of  the  figure 
and  dimensions  was  the  only  method  of  ascertaining 
individual  property  again.  But,  surely,  it  is  not 
necessary  to  gratily^-jhsarned  curiosity  by  such  ac- 
counts as  these ;  for  geometry  is  an  art  that  must 
have  grown  with  man  ;  it  is,  in  a  great  measure,  na- 
tural to  the  human  mind ;  we  were  born  spectators 
of  the  universe,  which  is  the  kingdom  of  geometry, 
and  are  continually  obliged  to  judge  of  heights, 
measure  distances,  ascertain  the  figure,  and  estimate 
the  bulk  of  bodies. 

The  first  definition  in  geometry,  is  2l  point,  which 
is  considered  by  geometricians,  as  that  which  has  no 
parts  or  magnitude. 

A  line  is  length  without  breadth. 

A  straight  line  is  that  which  lies  evenly  between 
its  extreme  points  or  ends. 

A  superficies  is  that  which  has  only  length  and 
breadth. 

A  plane  angle  is  an  opening,  or  corner,  made  by 
two  straight  lines  meeting  one  another. 

When  a  straight  line  A  B,^^.  l ,  plate  4,  standing 
upon  another  C  D/  makes  angles  ABC,  A  B  D,  on 
each  side  equal  to  one  another ;  each  of  these  angles 
is  called  a  right  angle  ;  and  the  line  A  B  is  said  to 
he  perpendicular  to  the  line  CD. 

It  is  usual  to  express  an  angle  by  three  letters, 
that  placed  at  the  angular  point  being  always  in  tlve 
middle ;  as  B  is  the  angle  of  A  B  C. 
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An  obtuse  angle  is  that  which  is  greater  than  a 
right  angle. 

An  acute  angle  is  that  which  is  less  than  a  right 
angle. 

A  line  A  B,  ^g.  2,  plate  4,  cutting  another  line 
CD  in  £^  will  make  the  opposite  angles  equal, 
namely^  the  angle  A  £  C  equal  to  B  £  D^  and  A  £  D 
equal  to  B  £  C. 

A  line  AB,  jf^.  3,  plate  4,  standing  any-way 
upon  another  C  t),  makes  two  angles  C  B  A,  A  B  D, 
which^  taken  together,  sme  equal  to  two  right 
angles. 

A  plane  triangle  is  a  figure  bounded  by  three  right 
lines. 

An  equilateral  triangle  is  that  which 
has  three  equal  sides. 

^  An  isosceles  triangle  is  that  which  has 
only  two  equal  sides. 

A  scalene  triangle  is  that  which  has  all 
its  sides  unequal. 

^^  right-angled  triangle  is  that  which 
U^  one  right  angle. 

In  a  right-angled  triangle,  the  side  opposite  to  the 
Tight  angle  is  called  the  hypothenuse. 

An    oblique-angled   triangle    is    that 
which  has  no  right  angle. 

In  the  same  triangle^  opposite  to  the  greater  side 
is  the  greater  an^lie;  and  opposite  to  the  greater  angle 
is  the  greater  side. 

If  any  side  of  a  plane  triangle  be  produced,  the 
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outward  angle  will  be  equal  to  both  the  inward  re- 
mote angles. 

The  three  angles  of  any  plane  triangle  taken  toge- 
ther, are  equal  to  two  right  angles. 

Parallel  lines  are  those  which  hare  no  inclina- 
tion towards  each  other,  or  which  are  every  where 
equidistant. 

All  plane  figures,  bounded  by  fou^  right  lines,  arc 
called  quadrangles i  or  quadrilaterals* 

A  sauare  is  a  quadrangle,  whose  sides 
itre'  all  equal,  and  its  angles  all  right 
angles. 

A  rhembus  is  a  quadrangle,  whose 
sides  are  ail  equal,  but  its  angles  not  right 
angles. 

A  parellogram  is  a  quadrangle,  whose 
opposite  sides  are  parallel. 


A  rectangle  is  a  parallelogram,  whose  angles  are 
all  right  angles. 

A  rhomboid  is  a  parallelogram,  whose    / 7 

angles  arc  not  right  angles.  /  / 

All  other  four-sided  figures  besides 
these,  are  called  trapeziums. 

A  right  line  joining  any  two  opposite  angles  of  a 
four-sided  figure,  is  called  the  diagonal. 

All  plane  figures  contained  under  movid  than  four 
sides,  are  called  polygons. 

Polygons  having  five  sides,  are  called  pentagons  ; 
those  having  six  sides,  hexagons  ;  with  seven  sides, 
heptagons ;  and  so  on.         ,  \ 

A  regular  polygon  is  that  whose  angles  and  sides 
are  all  equal. 
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The  base  of  any  fi^re  ^  is  that  side  on  which 
it  is  supposed  to  stand,  and  the  altitude  is  the 
perpendicular  failing  thereon  from  the  opposite 
angle. 

Parallelograms  upon  the  same  base,  and  between 
the  same  parallels,  are  equal. 

Parallelograms  having  the  same  base,  and  equal 
altitudes,  are  equal. 

Parallelograms  having  equal  bases,  and  equal  alti- 
tudes, are  equal. 

If  a  triangle  and  parallelogram  have  equal  bases 
and  equal  altitudes,  the  triangle  is  half  the  parallelo- 
gram- 

A  circle  is  a  plane  figure,  bounded  by  a  curve  line 
called  the  circumference^  every  part  whereof  is 
equally  distant  from  a  point  within  the  same  figure^ 
called  the  centre* 

Anjrpart  of  the  circumference  of  a  circle  is  called 
an  arch. 

Any  right  line  drawn  from  the  centre  to  the  cir- 
cumference of  a  circle,  is  called  a  radius. 

All  the  radii  of  the  same  circle  are  equal. 

The  circumference  of  every  circle  is  supposed  to 
be  divided  into  360  equal  parts,  called  degrees;  eacn 
degree  into  6o  equal  pacts,  called  minutes^  &c. 

A  quadrant  of  a  circle  will  therefore  contain  90  de- 
grees, being  a  fourth  part  of  360. 

Equal  angles  at  the  centres  of  all  circles,  will  in- 
tercept equal  numbers  of  degrees,  minutes,  &c.  in 
their  circumferences. 

The  measure  of  every  plane  angle  is  an  arch  of  a 
circle,  whose  centre  is  the  angular  point,  and  is  said 
to  be  of  so  many  degrees,  minutes,  &c.  as  are  con- 
tained in  its  measuring  arch. 

All  right  angles,  therefore,  ai^e  of  QO  degrees, 
or  contain  90  degrees,  because  their  measure  is  a 
quadrant. 

The  three  angles  of  every  plane  triangle  token  to- 
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gether  contain  1 80  degrees/  being  equal  to  two  right 
angles. 

In  a  right-angled  plane  triangle^  the  sum  of  its 
two  acute  angles  it  QO  degrees. 

The  complement  of  an  arch^  or  of  an  angle^  is  its 
difference  from  a  quadrant  or  a  right  angle. 

The  supplement  of  an  arch,  or  of  an  angle^  is 
its  difference  from  a  semicircle,  or  .two  right 
angles. 

The  magnitudes  of  arches  and  angles  are  deter- 
mined by  certain  straight  lines,  appertaining  to  a 
circle  called  chords,  sines,  tangents,  &c. 

The  chord  of  Vin  arch  is  a  straight  line,  joining  its 
extreme  points. 

A  diameter  is  a  chord  passing  through  the  centre. 

A  segment  is  any  part  of.  a  circle  bounded  by  an 
arch  and  its  chord. 

A  sector  is  any  part  of  a  circle  bounded  by  an  arch^ 
and  two  radii  drawn  to  its  extremities. 

The  sine  of  an  arch  is  a  line  drawn  from  either 
end  of  it,  perpendicular  to  a  diameter  meeting  the 
other  end. 

The  versed  sine  of  an  arch  is  that  part  of  the  dia- 
meter intercepted  between  the  sine  and  the  end  of 
the  said  arch. 

.  The  tangent  of  an  arch  is  a  line  proceeding"  from 
either  end,  perpendicular  to  the  radius  joining  it;  its 
length  is  limited  by  a  line  drawn  from  the  centre^ 
through  the  other  end. 

The  secant  of  an.  arch  is  the  line  proceeding 
from  the  centre,  and  limiting  the  tangent  of  the  same 
archt 

The  co-sine  and  co-tangent y  &c.  of  any  arch  is  the 
sine  and  tangent,  &c.  of  its  complement. 

Thus  in  Jig,  4,  plate  4,  F  O  is  the  chord  of  the 
arch  P  V  O,  and  F  R  is  the  sine  of  the  arches  F  V, 
FAD;  K  V,  R  D  are  the  versed  sines  of  the  archei» 
FV,  FAU 
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'  V  T  is  the  tangent  of  the  arch  F  V^  and  its  sup- 
plement. 

C  T  is  the  secant  of  the  arch  P  V. 

A I  is  the  co-tangeat^  and  C  I  the  co-secant  of  the 
arch  FV. 

The  chdrd  of  60**,  the  sine  of  90%  the  versed  sine 
of  Qcy*,  the  tangent  of  45,  and  the  secant  of  0.0,  ar« 
all  equal  to  the  radius. 

It  is  obvious,  that  in  making  use  of  these  lines, 
we  must  always  use  the  same  radius,  otherwise 
there  would  be  no  settled  proportions  between 
them. 

Whosoever  considers  the  whole  extent  and  dejjth 
of  geometry,  will  find  that  the  main  design  of 
all  its  speculations  is  mensuration.  To  this  the 
Elements  of  Euclid  are  almost  entirely  devoted, 
and  this  has  been  the  end  of  the  most  laboured 
geometrical  disquisitions  of  either  the  ancients  or 
moderns. 

Now  the  whole  mensuration  of  figures  may  be  re- 
duced to  the  measure  of  triangles,  which  are  always 
the  half  of  a  rectangle  of  the  same  base  and  alti- 
tude, and,  consequently,  their  area  is  obtained  by 
taking  the  half  of  the  product  of  the  base  multiplied 
by  the  altitude. 

By  dividing  a  polygon  into  triangles,  and  taking 
the  value  of  these,  that  of  the  polygon  is  ob- 
ttdned ;  by  considering  the  circle  as  a  polygon, 
with  an  infinite  number  of  sides,  we  obtain  4;he 
measure  thereof  to  a  sufficient  degree  of  accu-^ 
racy. 

The  theory  of  triangles  is,  as  it  were,  the  hinge 
upon  which  all  geometrical  knowledge  turns. 

All  triangles  are  more  or  less  similar,  according 
as  their  angles  are  nearer  to,  or  more  remote  from, 
equality. 

The  similitude  is  perfect,  when  all  the  angles  of 
the  one  are  equal  respectively  to  those  of  thf  other ; 
the  sides  are  then  also  proportional. 
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The  angles  and  the  sides  determine  the  relative 
.^nd  absolute  size^  act  only  of  triangles^  but  of  all 
things. 

Stricj:Iy  speaking,  angles  only  determine  the  rela- 
tive size;  equiangular  trfengles  may  be  of  very 
unequal  poagnitudes,  yet  perfectly  similar. 

But^  when  they  |tr^  also  equilateral^  the  one  havr 
ing  its  sides  equal  to  the  homologous  sides  of  the 
other,  they  are  not  only  similar  and  equiangled^  but 
are  equ^l  in  every  respect. 

The  angles,  therefore,  determine  the  relative  spe- 
icies  of  the  triangle ;  the  sides,  its  absolute  size,  and, 
jcpnsequently,  that  of  every  other  figure,  as  all  are 
resolvable  into  triangles. 

Yet  the  essence  of  a  triangle  seems  to  consist 
muph  more  in  the  angles  than  the  sides ;  for  the  an* 
gles  are  the  true,  precise,  and  determined  boundaries 
thereof;  th^ir  equation  is  always  fixed  and  limited 
to  two  right  angles. 

The  sides  have  no  fixed  equation,  but  may  be 
^Ktended  from  the  infinitely  little  to  the  infinitely 
great,  without  the  triangle  changing  its  nature  and 
kind. 

It  is  in  the  theory  of  isoperimetrical  figures*  that, 
we  feel  liow  efficacious  angles  are,  and  how  inefficar 
cious  lines,  to  determine  rot  only  the  kind,  but  the 
size  of  the  triangles,  and  all  kinds  of  figures. 

For,  ttie  lines  still  subsisting  the  same,  we  see 
how  a  square  decreases,  in  proportion  as  it  is 
changed  into  a  more  oblique  rhomboid :  and  thus 
acquires  more  acute  angles.  The  same  observatiopi 
holds  good  in  all  kinds  of  figures,  whether  plane  or 
solid. 

Of  all  isoperimetrical  figures,  the  plane  triangle 
and  solid  triangle,  or  pyramid,  arp  the  least  capa- 
cious ;  and,  amongst  these,  those  have  the  least  ca- 
pacity, whose  angles  arc  most  acute. 

*  Isoperliactrical  figures  are  such  as  have  equal  circumfereDces* 
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Bat  curved  surfaces,  and  curved  bodies,  and^ 
among  curves,  the  circle  and  sphere,  are  those  whose 
capacity  are  the  largest,  being  formed>  if  we  may 
so  speak,  of  the  most  obtuse  angles. 

The  tlieory  of  geometry  may,  therefore,  be  re*- 
duced  to  the  doctrine  of  angles,  for  it  treats  onJy 
of  the  boundaries  of  things^  and  by  angles  the  ulti- 
mate bounds  of  all  things  are  formed.  It  is  the 
angles  which  give  them  their  figune."* 

Angles  are  measured  by  the  circle  ;  to  these  we 
may  add  parallels,  which,  according  to  the  significa* 
tion  of  the  term,  are  the  source  of  aU  gepmetrical 
similitude  and  comparison. 

The  taking  and  measuring  of  angles  is  the  chief 
operation  in  practical  geometry,  and  of  great  use  and 
extent  in  surveying,  navigation,  geography,  astro- 
nomy, &c.  and  the  instruments  generally  used  for 
this  purpose  are,  quadrants,  sextants,  theodolites, 
circumferentors,  &c.  as  described  in  the  following 
pages.  It  is  necessary  for  the  learner  first  to  be  ac« 
quainted  with  the  names  and  uses  of  t)ie  drawing  in- 
struments ;  which  are  as  follow. 

*  The  geometry  of  planes  and  position  relate  only  to  lenffA  and 
breadth.  The  geometry  of  solids  to  length,  breadth,  and  thick* 
ness.  This  latter  branch  is  best  studied  by  the  young  reader 
^y  inspecting  d^e  various  figures  m  wood  made  occasionally  for 
^hat  purpose.    £f)iT. 
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Common  Names  of  the  principal  Instruments^  as 
represented  in  Plates  \y  2,  end  3. 

Plate  1  j^g.  A,  is  a  pair  of  proportional  compasses 
without  an  adjusting  screw. 

B^  a  pair  of  best  drawing  compasses :  b,  the  plain 
point  with  a  joint;  c,  the  ink  point ;  d,  the  dotting 
point;  e,  the  pencil  or  crayon  point;  PQ,  additional 
pieces  fitting  into  the  place  of  the  moveable  point  b, 
and  to  which  the  other  parts  are  fitted. 

F,  a  pair  of  bow  compasses  for  ink ;  G,  a  ditto  for 
a  pencil ;  H,  a  pair  of  ditto  with  a  plain  point  for 
stepping  minute  divisions ;  h^  a  screw  to  one  of  the 
legs  thereof^  which  acts  like  the  spring  leg  of  the 
hair  compasses.* 

h,  the  hair  compasses;  nj  the  screw  that  acts 
upon  the  spring  leg. 

I  K,  the  drawing  pen ;  I,  the  upper  part ;  Ar,  the 
protracting  pin  thereof;  K,  the  lower,  or  pen  part. 

N,  a  pair  of  triangular  compasses. 

V,  a  pair  of  very  portable  compasses  which  con- 
tains the  ink  and  pencil  points  within  its  two  legs^ 
at  J.  By  a  joint  sometimes  placed  above  each  leg, 
the  points  are  made  to  turn  inwards,  to  make  the 
instrument  shorter  for  the  pocket.  Its  breadth  is 
thereby  somewhat  increased. 

O,  the  feeder  and  tracing  point. 

*  VV,  a  pair  of  small  parallel  drawing  pens,  very  useful  for- 
expeditiously  drawing  straight  and  parallel  curve  lines  for  canal 
and  other  figures.    Edit. 
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R^  a  pair  of  bisecting  ct>iiipa88es^  called  wholes  and 
halves. 

S,  a  small  protracting  pin. 

T,  a  knife^  screw-driver,  and  key,  in  one  piece. 

X,  a  small  metal  center-plate  to  prevent  compass* 
points  piercing  the  paper. 

Plate  2,  ^g.  A,  the  common  parallel  rule. 

B,  the  double  barred  ditto. 

C,  the  improved  double  barred  parallel  rule. 

D,  the  cross  barred  parallel  rule.  Of  these  ruleSj» 
that  figured  at  C  is  the  most  perfect. 

£,  Eckhardt's,  or  the  rolling  parallel  rule» 

F  G  H,  the  rectangular  parallel  rule. 

I K  L,  the  protracting  jparallel  rule. 

M  N  O,  Haywood's  parallel  rule. 

Plate  3,  Jig.  1,  the  German  parallel  rule. 

Fig.  2,  a  semicircular  protractor ;^^.  3,  arectan* 
gular  ditto. 

Fig.  4  and  5,  the  two  faces  of  a  sector. 

Fig.  6,  Jackson's  parallel  rule. 

Fig.  7  and  8,  two  views  of  a  pair  of  proportionable 
compasses,  with  an  adjusting  screw. 

Fig.  9,  a  pair  of  sectpral  compasses.  In  t|iis  in- 
strument are  combined  the  sector,  beam,  elliptical^ 
and  calliper  compasses:  jfi*^.  Q,  a,  the  square  for  ellip- 
ses ;  b  c,  the  pomts  to  work  therein ;  d  e,  the  calli« 
per  points. 
,    Fig.  10,  a  pair  of  beam  compasses. 

Fig.  1 1 ,  Sisson's  protracting  scale. 

Fig.  12,  improvea  triangular  compasses. 

Fig,  1 3,  a  pair  of  small  compasses  with  a  beam^  mi- 
crometer head,  and  adjusting  screw. 

The  strictness  of  geometrical  demonstration  ad- 
mits of  no  other  instruments,  than  a  rule  and  a  pair 
of  compasses.  But,  in  proportion  as  the  practice  of 
geometry 'was  extended  to  the  different  arts,  either 
connected  with,  or  dependent  upon  it,  new  instru- 
ments became  necessary,  some  to  aaswer  peculiar 
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purposes,  some  to  facilitate  operation,  and  others  to 
promote  accuracy. 

It  is  the  business  of  this  work  to  describe  these 
instruments,  and  explain  their  various  uses.  In  per- 
forming this  task,  a  difficulty  arose  relative  to  the 
arrangement^f  the  subject,  whether  each  instrument, 
with  its  application,  should  be  described  separately, 
or  whether  the  description  should  be  introduced 
under  those  problems,  for  whose  performance  they 
were  peculiarly  designed.  After  some  consideration, 
I  determined  to  adopt  neither  rigidly,  but  to  use 
either  the  one  or  the  other,,  as  they  appeared  to  an» 
Bwer  best  the  purposes  of  science. 

As  almost  every  artist,  whose  operations  are  con« 
nected  with  mathematical  designing,  furnishes  him* 
eelf  with  a  case  of  drawing  instruments  suited  to  his 
peculiar  purposes,  they  are  fitted  up  in  various  mbdeSj 
some  containing  more,  others,  fewer  instruments. 
The  smallest  collection  put  into  a  case,  consists  of  a 
plane  scale,  a  pair  of  compasses  with  a  moveable  leg, 
Und  two  spare  points,  which  may  be  applied  occasion- 
ally to  the  compasses ;  one  of  these  points  is  to  hold 
ink ;  the  other,  a  porte  craygn,  for  holding  a  piece  of 
black-lead  pencil. 

What  is  called  a  full  pocket  case,  contains  the  fol- 
lowing instruments. 

A  pair  of  large  compasses  with  a  moveable  point, 
an  iuK  point,  a  pencil  point,  and  one  for  dotting ; 
either  of  these  points  may  be  inserted  in  the  compass- 
es, instead  of  the  moveable  leg. 

A  pair  of  plain  compasses  somewhat  smaller  than 
those  with  the  moveable  leg. 

A  drawing  pen  with  a  protracting  pin  in  the  npj^f 
part. 

A  pair  of  bow  compasses* 

A  sector. 

A  plain  scale. 

A  protractor. 
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A  parallel  rule. 

A  pencil. 

The  plain  scale^  the  protractor^  and  parallel  rule^ 
are  sometimes  so  constructed,  as  to  form  but  one 
instrument ;  but  it  is  a  construction  not  to  be  re- 
commended, as  it  injures  the  plain  scale,  and  lessens 
the  accuracy  of  the  protractor*  In  a  case  with  the 
best  instruments^  the  protractor  and  plain  scale  are 
always  combined.  The  instruments  in  most  general 
use  are  those  of  six  inches  ;  instruments  are  seldom 
made  longer,  but  often  smaller.  Those  of  six  inches 
are,  however,  to  be  preferred  in  general,  before  any 
other  size ;  they  will  effect  all  that  can  be  performed 
with  the  shorter  ones^  while,  at  the  same  time^  they 
-are  better  adapted  to  large  work. 

L^irge  collections  are  called,  magazine  cases  ofin* 
struments  ;  these  generally  contain : 

A  pair  of  six  inch  compasses  with  a  moveable  leg, 
an  ink  point,  a  dotting  point,  the  crayon  point,  so 
contrived  as  to  hold  a  whole  pencil,  two  additional 
pieces  to  lengthen  occasionally  one  leg  of  the  com- 
passes, and  thereby  enable  them  to  measure  greater 
extents,  and  describe  circles  of  a  larger  radius. 

A  pair  of  hair  compasses. 

A  pair  of  bow  compasses. 

A  pair  of  smallparallel  ink  pens. 

A  pair  of  triangular  compasses. 

A  sector. 

A  parallel  rule. 

A  protractor* 

A  pair  of  proportional  compasses^  either  with  or 
without  an  adjusting  screw. 

A  pair  of  wholes  and  halves. 

Two  drawing  pens,  and  a  pointiPil. 

A  pair  of  small  hair  compasses,  with  a  head  simi- 
lar to  those  of  the  bow  compasses. 

A  knife^  a  file,  key,  and  screw*driver  for  the  com- 
passes, in  one  piece. 

A  small  set  of  fine  water  colours. 
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To  these  some  of  the  following  instniments  ere 
often  added. 

A  pair  of  beam  compasses. 

A  pair  of  gunner's  callipers*  * 

A  pair  of  elliptical  compasses. 

A  pair  of  spiral  ditto. 

A  pair  of  perspective  compasses. 

A  pair  of  compasses  with  a  micrometer  screw. 

A  rule  for  drawing  lines^  tending  to  a  centre  at  a 
great  distance. 

A  protractor  and  parallel  rule^  such  as  is  repre- 
sented at^^.  I K  L,  plaie  2. 

One  or  more  of  the  parallel  rules  represented^ 
plate  2. 

A  pantc^rapher^  orpentagraph. 

A  pair  of  sectoral  compasses^  formings  at  the  same 
time^  a  pair  of  beam  and  calliper  compasses. 

OF   DRAWING   COMPASSES. 

• 

Compasses  are  made  either  of  silver  or  brass^  but 
with  steel  points.  The  joints  should  always  be 
framed  of  different  substances ;  thus,  one  side,  or 
part,  should  be  of.  silver  or  brass,  and  the  other  of 
steel.  The  diflerence  in  the  texture  and  pores  of  the 
two  metals  causes  the  parts  to  adhere  less  together, 
diminishes  the  wear,  and  promotes  uniformity  in  their 
motion.  The  truth  of  the  work  is  ascertained  by  the 
smoothness  and  equality  of  the  motioti  at  the  joint, 
for  all  shake  and  irregularity  is  a  certain  sign  of  im-  ,  { 

perfection.  The  points  should  be  of  steel,  so  tem- 
pered, as  neither  to  be  easily  bent  or  blunted ;  not 
too  fine  apd  tapering,  and  yet  meetingdosely  when 
the  compasses  are  shut. 

As  an  instrument  of  art,  compasses  are  so  well 
known,  that  it  would  be  superfluous  to  enumerate 
their  various  uses  ;  suffice  it  then  to  say,  that  they 
are  used  to  transfer  small  distances,  measure  giveo 
spaces^  and  describe  arches  and  circles. 
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If  die  arch  w  circle  is  to  be  described  obscurely^ 
the  steel  jfSbints  are  best  adapted  to  the  puf pose ;  if 
it'  is  to  be  in  ink  or  black  lead,  either  the  drawing 
^  pen,  or  crayon  points  are  to  be  used. 

To  ust  a  pair  of  compasses*  Place  the  thumb  and 
middle  finger  of  the  right  hand  in  the  opposite  hoi* 
lows  in  the  shanks  of  the  compasses,  then  press  the 
compasses,  and  the  legs  will  open  a  little  way ;  this 
being  done,  push  the  innermost  leg  mth  the  third 
fineer,  elevating,  at  the  same  time,  the  furthermost^ 
wim  the  nail  of  the  middle  finger,  till  the  compass** 
es  are  sufficiently  opened  to  receive  the  middle  and 
third  finger ;  they  may  then  be  extended  at  pleasure^ 
by  pushing  the  furthermost  leg  outwards  with  the 
middle,  or  pressing  it  inwards  with  the  fore  finger. 
In  describing  circles,  or  arches,  set  one  foot  of  the 
compasses  on  the  centre,  and  then  roll  the  head  of 
the  compasses  between  the  middle  and  fore  finger, 
the  otherpoint  pressing  at  the  same  time  upon  the 
paper.  Txiey  should  be  held  as  upright  as  possible, 
and  care  should  be  taken  not  to  presa  forcibly  upon 
them,  but  rather  to  let  them  act  by  their  own  weight; 
the  legs  should  never  be  so  far  extended,  as  to  mrm 
an  obtuse  angle  with  the  paper  or  plane^  on  whick 
they  are  used. 

The  ink  and  crayon  points  have  a  joint  just  under 
that  part  which  fits  into  the  compasses,  by  this  they 
may  be  always  so  placed  as  to  be  set  nearly  perpet^ 
^  dicular  to  the  paper ;  the  end  of  the  shank  of  the 
best  compasses  is  framed  so  as  to  form  a  strong 
spring)  to  bind  firmly  the  moveable  points,  and  pre* 
"vent  them  from  shaking.  This  is  found  to  be  a 
more  eflfectual  metliod  than  that  by  a  screw. 

Fig*  B,  plate  1 ,  represents  a  pair  of  the  best  con^ 
passes,  vnth  the  plain  point;  c,  the  ink;  d^  the  dotting; 
e,  the  crayon  point. 

In  small  cases,  the  crayon  and  ink  points  are 
joined  by  a  middle  piece,  with  a  socket  at  ,each  end 
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to  /receive  the  points,  which^  hy  this  means,  omly  oe« 
cupy  one  place  in  the  case. 

Two  additional  pieces.  Jig.  P^  Q,  plate  1 ,  are  often 
Itpplied  to  these  compasses  ;  these,  by  lengthening 
the  1^  bj  enable  them  to  strike  larger  circles,  or 
measure  greater  extents,  than  they  would  otherwise 
perform,  and  that  without  tlie  inconveniences  attend* 
mg  longer  compasses.  When  compasses  are  fur^^ 
nished  with  this  additional  piece,  the  moveable  leg 
has  a  joint,  as  at  b,  that  it  may  be  placed  perpendi-^ 
cular  to  the  paper. 

Ofthe  hair  compasses,  Jig.  L,  plate  1.  They  are 
so  named,  on  account  of  a  contrivance  in  the  shank 
to  set  them  with  greater  accuracy  than  can  be  effec- 
ted by  the  motion  of  the  joint  alone.  One  of  the 
steel  points  is  fastened  near  the  top  ofthe  compasses, 
and  may  be  moved  very  gradually  by  turning  the 
screw  w,  either  backwards  or  forwards. 

To  use  these  compasses.  J .  Place  the  leg,  to  which 
the  screw  is  annexed,  outermost ;  2.  Set  the  fixed 
leg  on  that  point,  from  whence  the  extent  is  to  be 
taken  ;  3.  Open  the  compasses  as  nearly  as  possible 
to  the  required  distance,  and  then  make  the  points 
accurately  coincide  therewith  by  turning  the  screw. 

Ofthe  bow  compasses,  Jig.  Y,  plate  1 .  Tljesc  are  a 
small  pair,  usually  with  a  point  for  ink;  they  are  used 
to  describe  small  arches  or  circles,  which  they  do 
much  more  conveniently  than  large  compasses^  not 
only  on  account  of  their  size,  but  also  from  the  shape 
ofthe  head,  which  rolls  with  great  ease  between  the 
fingers.  It  is,  for  this  reason,  customary  to  put  into 
magazine  cases  of  instruments,  a  small  pair  of  hair 
compasses.  Jig.  H, plate  1,  with  a  head  similar  to  the 
bows  ;  these  arc  principally  used  for  repeating  divi- 
sions of  a  small  but  equal  extent,  a  practice  that  Has 
acquired  the  name  of  stepping. 

Ofthe  drawing  pen  and  protracting  pin^  Jig.  I  K, 
plait  1.    The  pen  part  of  this  instrument  is  used  X» 
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drkw  straight  lines ;  it  consists  of  two  blades  with  steel 
points  fijced  to  a  handle,  the  blades  are  so  bent,  that 
the  ends  of  the  steel  points  meet,  and  yet  leave  a  suf- 
ficient cavity  for  the  ink ;  the  blades  may  be  opened 
more  or  less  by  a  screw,  and,  being  properly  set,  will 
draw  a  line  of  any  assigned  thickness.  One  of  the 
blades  is  framed  with  a  joint,  that  the  points  may  be 
separated,  and  thus  cleaned  more  Conveniently ;  a 
small  quantity  only  of  ink  should  be  put  at  one  time 
into  the  drawing  pen,  and  this  should  be  placed  ill  the 
cavity,  between  the  blades,  by  a  common  pen,  or  the 
feeder ;  the  drawing  pen  acts  better,  if  the  feeder,  or 
pen>  by  which  the  ink  is  inserted,  be  tnade  to  pass 
through  the  blades.  To  use  the  drawing  pen,  first 
leed  it  with  ink,  then  regulate  it  to  the  thickness  of 
the  required  line  by  the  screw.  In  drawing  lines,  in- 
cline the  pen  a  small  degree,  taking  care^  however^ 
that  the  edges  of  both  the  blades  touch  the  paper^ 
keeping  the  pen  close  to  the  rule  and  in  the  same 
^  direction  while  operating:  the  blades  should  be  wiped 
clean  after  use**  > 

These  directions  are  equally  applicable  to  the  ink 
point  of  the  compasses,  only  observing,  that  when  an 
arch  or  circle  is  to  be  described,  of  more  than  an  inch 
radius,  the  point  should  be  so  bent,  that  the  blades 
of  the  pen  nky  be  nearly  perpendicular  to  the  paper^ 
and  both  of  them  touch  it  at  the  same  time. 

The  protracting  pin  k,  is  only  a  short  piece  of  steel 
wire,  with  a  very  fine  point,  fixed  at  one  end  of  the 
upper  part  of  the  hanale  of  the  drawing  pen.     It  is 
t  used  to  mark  the  intersection  of  lines,  or  to  set  oif 

divisions  from  the  plotting  scale,  and  protractor. 

The  feeder^  Jig.  O,  plate  1,  is  a  thin  flat  piece  oF 
metal ;  it  sometimes  forms  one  end  of  a  cap  to  fit 
on  a  pencil,  or  it  is  fr;amed  at  the  top  of  the  tracing 
point,  as  in  the  figure.  It  lerves  to  place  the  ink  be-^ 
tween  the  blades  of  the  drawing  pens^^r  to  pass  be^ 

*  For  unequal  and  regular  parallel  lines,  the  double  drawing 
Ipeoi  Wf  is  extremely  u«efal.    Edit. 
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tween  them  when  the  ink  does  not  flow  freely.  Tkfi 
tracing  pointy  or  point  rel,  is  a  pointed  piece  of  steel 
Utted  to  a  brass  handle  ;  it  is  used  to  draw  obscure . 
lines,  or  to  trace  the  outlines  of  a  drawing  or  prints 
when  an  exact  copy  is  required,  an  article  that  wilt 
be  fully  eiplaiqed  in  the  course  of  thi«  work ;.  it  forms 
the  bottom  part  of  Ihe  feeder  O. 

Of  triangular  compasses.    A  pair  of  these  are  re-  . 
presented  at^^.  N,  piat^  1.     They  consist  of  a  pair 
of  compasses^  to  whose  head  a  joint  and  socket  is 
fitted  for  the  reception  of  a  third  leg,  which  may  be 
moved  in  almost  every  direction. 

These  compasses,  though  exceedingly  useful,  are. 
hut  little  known ;  they  are  very  serviceable  in  copy- 
ing  all  kinds  of  drawings,  as  from  two  fixed  points 
they  will  always  ascertain  the  exact  position  oi  a 
third  point.. 

Fig.  12,  plate  3,  represents  another  kind,  which 
has  some  aJvantages  ever  the  preceding.  ] .  That 
there  are  many  situations  so  oblique^  that  the  third 
point  cannot  be  ascertained  by  the  former^  though  it 
may  by  these.  2.  It  extends  much  further  than  the 
other,  in  proportion  to  its  size.  3.  The  pointa  are  in 
all  positions  perpendicular  to  the  paper. 

Of  whotes  and  halves^  ^fig.  R,  plate  l .  A  name 
given  to  thesQ  compasses,  because  that  when  the  Ion* 
ger  legs  are  opened  to  any  given  line,  the  shorter 
ones  wiU  be  opened  to>  the  half  of  that  line ;  bqing 
always  a  bisection. 

Fiff.  Vy  represents  a  new  pair  of  very  curious  and 
portable  compasses,  which  may  be  considered  as  a 
ease  of  instruments  in  itself.  The  ink  and  pencil 
|x>ints  slide  into  the  togs  by  spring  sockets  at  a ;  the 
ink,  OP  pencil  point,,  is  readily  placed,  by  only  slid- 
ing either  out  of  the  socket,  revcrsing.it,  and  sliding 
in  the  plain  point  in  its  stead. 

Proportional  compasses »  These .  compasses  are  of 
two  kinds,  one  plain,  represented /?g*.  A, /^/a^e  1 ;  the 
other  with  an  adjusting  screw,  of  which  there  are  twa 
Yiews^  one  edgeways,  ]^^.  8^  plate  3,  the  other  in  the 
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front,  ^^.  7»  plate  3:  the  principle  bn*  which  they 
both  act  is  exactly  the  same ;  those  with  an  adjusting 
screw  arc  more  easily  set  to  any  given  division  or  line, 
«nd  are  also  more  tirmly  fixed,  when  adjusted. 

There  is  a.groove  in  each  shank  of  these  compassed, 
and  the  centre  is  moveable,  being  constructed  to 
«lide  with  regularity  in  these  grooves^  and  when  prGH 
perly  placed,  is  fix<»d  by  a  nut  and  screw ;  on  ovte 
side  of  tMcse  grooves  are  placed  two  scales,  one  fofr 
lines,,  the  other  for  circles.  By  the  scale  of  lines,  a 
right  line  may  be  divided  into  any  number  of  equdl 
parts  expressed  on  the  scale.  By  the  scale  for  circle*, 
a  rejfular  polygon  may  be  inscribed  in  a  circle,  pro- 
vided the  sides  do  not  exceed  the  numbers  on  th^ 
scale.  Sometimes  are  added  a  scale  for  superficiea 
mid  a  scale  for  solids. 

To  divide  a  gwen  line  into  a  proposed  number  (l  l) 
of  equal  parts.  1.  Sift  t  the  compasses.  2.  Unscre\^ 
the  milled  nut,  and  move  the  slider  until  the  lin^ 
actoRs  it  coincides  with  the  1 1  th  division  on  the  scale* 
3.  Tighten  the  screw,  that  the  slider  may  be  immove* 
able.  4.  Open  the  compasses,  so  that  the  longer 
points  may  take  in  exactly  the  given  line,  and  the 
shorter  will  g^ve  you  -rV*!^  ^^  that  line* 

To  inscribe  in  a  circle  aregular polygon  of  i2sides^, 
1.  Shut  the  compasses.  2.  Unscrew  the  milled  nut^ 
and  set  the  division  on  the  slider  to  coincide  with  the 
12th  division  on  the  scale  of  circles.  3.  Fasten  the 
milled  nut.  4.  Open  the  compasses,  so  that  the  lon- 
ger legs  may  take  the  radius,  and  the  distance  be-^ 
tween  the  shorter  legs  will  be  the  side  of  the  required 
polygon. 

To  use  the  proportional  compasses  with  an  a^usf-- 
ing  screw.  The  application  being  exactly  the  same 
as  the  simple  one,  we  have  nothing  more  to  describe 
than  the  use  and  advantage  of  the  adjusting  screw. 
1  •  Shut  the*  legs  close,  slafcken  the  screws  of  the  nuts 
g  ^nAf\  move  the  nuts  and  slider  k  to  the  division 
wanted^  as  near  as  can  be  readily  done  by  the  hand, 

c2 
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and  scfetv  hst  the  nuty*;  then,  by  turning  the  acl« 
ju8ter  hf  the  mark  on  the  sHder  k  may  be  brought 
exactly  to  the  division  :  screw  fast  the  nut  g*  2.  * 
Open  the  compasses ;  gently  lift  the  end  e  of  the 
screw  of  the  nut^  out  of  the  hole  in  the  bottom  of  the 
nut  gi  move  the  beam  round  its  pillar  a,  and  slip  the 
point  e  into  the  hole  in  the  pin  fij  which  is  fixed  te 
the  under  leg ;  slacken  the  screw  of  the  nut  f ;  take 
the  given  line  between  the  longj^r  points  of  the  com- 
passes, and  screw  fe»t  the  nut  j^';  then  may  the  shorter 
points  of  the  compasses  be  used,  without  any  danger 
of  the  legs-  changing  their  position;  this  being  one  of 
the  inconveniences  that  attended  the  proportional 
compasses,  before  this  ingenious  contrivance. 

Fig.  lOiplateZy  representsapairof  ^e^nt  compasses 
they  are  used  for  taking  off  ana  transferring  divisions 
from  a  diagonal  or  nonitis  scale,  describing  large 
arches,  and  bisecting  lines  o9  arches.  It  is  the  in- 
strument upon  which  Mr.  Bird  principally  depended, 
in  dividing  those  instruments,  whose  accuracy  has 
so  much  contributed  to  the  progress  of  astronomy. 
These  compasses  consist  of  a  long  beam  made  of 
brass  or  wood,  furnished  with  two  brass  boxes,  the 
one  fixed  at  the  end,  the  other  sliding  along  the  beam^ 
to  any  part  of  which  it  may  be  firmly  fixed  by  the 
screw  P.  An  adjusting  screw  and  micrometer  are 
adapted  to  the  box  A  at  the  &aA  oi  the  beam ;  by 
these,  the  point  connected  therewith  may  be  moved 
with  extreme  regularity  and  exactness,  even  less  than 
the  thousandth  part  of  annnch* 

Fig*  13,  plate  3,  is  a  snuUlpair  of  beam  compasses, 
with  a  micrometer  and  adjusting  screw,  for  accu- 
jrately  ascertaining  and  laying  down  small  distances, 
to  the  1000th  part  of  an  inch  or  less. 

Fig.  1 1 ,  plate  3,  represents  a  scale  of  equal  parts^ 
constructed  by  Mr.  Sisson  ;  that  figured  here  con* 
tains  two  scales,  one  of  three  chains,  the  other  of 
four  chains  in  an  inch,  being  those  most  frequently 
Used ;  each  p{  these  is  divided  into  10  linksj  whicE. 
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are  again  subdivided  by  a  nonius  into  single  links; 
the  index  carries  the  protracting  pin  for  setting  off 
the  lengths  of  the  several  station  lines  on  the  plan.. 
By  means  of  an  instrument  of  this  kind,  the  length 
of  a  station  line  may  be  laid  down  on  paper  with  tis 
much  exactness  as  it  can  be  measured  on  land. 


OF   PARALLEL  RULES. 

m 

Parallel  lines  occur  so  continually  in  every  species 
of  mathematical  drawing,  that  it  is  no  wonder  so 
many  instruments  have  been  <!ontrived  to  delineate 
them  with  more  expedition  than  could  be  effected  by 
the  general  geometrical  methods:  of  the  various  con- 
trivances for  this  purpose^  the  following  are  those 
most  approved. 

1 .  The  common  parallel  rule,  jig.  A,  plate  2.  This 
consists  of  two  straight  rules,  which  are  connectied 
together,  and  always  maintained  in  a  parallel  posi* 
tion  by  the  two  equal  and  parallel  bars,  which  move 
very  freely  on  their  centres,  or  rivets,  by  which  they 
are  fastened  to  the  straight  rules. 

2.  The  double  par aUel  nde,  fig.  ^,  plated.  Thw 
instrument  is  constructed  exactly  upon  the  same 
principles  as  the  foregoing,  but  with  this  advantage, 
that  in  using  it,  the  moveable  rule  may  always  be  so 
placed,  that  its  ends  may  be  exactly  over,  or  even 
with,  the  ends  of  the  fixed  rule,  whereas  in  the  for- 
mer kind,  they  are  always  shifting  away  from  the 
ends  of  the  fixed  rule. 

Tliis  instrument  consists  of  two  equal  flat  rules, 
^  and  n  middle  piece ;  they  are  connected  together  by 
four  brass  bai*s,  the  ends  of  two  bars  are  rivetted  on 
the  middle  line  of  on^  of  the  straight  rules;  the  ends 
of  the  other  two  bars  are  rivetted  on  the  middle  line 
of  the  other  straight  rule;  the  other  ends  of  the  brass 
bars  are  taken  two  and  two,  and  rivetted  on  the  mid- 
4tte  piece,  as  is  evident  from  the  figure ;  it  W9uld,bt 
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needless  to  observe^  that  the  brass  bars  move  freely 
on  their  rivets^  as  so  many  centres. 

3.  Of  tht  tmprfyotd  double  parallel  rulfy  Jig.  C, 
plate  2.  The  motions  of  this  rule  are  more  regular 
than  those  of  the  preceding  one,  but  with  somewhat 
more  friction ;  its  construction  is  evident  from  the 
figure  ;  it  was  contrived  by  the  ingenious  mechanic^ 
Mr.  Haywood. 

4.  The  cross  barred  parallel  rule^  Jig.  D,  plate  2* 
In  this,  tyvo  straight  rules  ^re  joined  by  two  brass 
bars,  which  cross  each  other,  and  turn  on  their  inter* 
section  as  on  a  centre  ;  one  end  of  each  bar  moves 
on  a  centre,  the  other  slid^a  in  a  groove,  as  the  rules 
recede  from  each  other. 

As  the  four  parallel  rules  above  described  are  all 
used  in  the  same  way,  one  problem  will  serve  for 
them  all ;  ex.  gr.  a  right  line  being  given^  to  drare  a 
Uneparallel  thereto  by  either  qfi  he Jovegoing  instru^ 
Tnents : 

Set  the  e4ge  of  the  upperqapst  imle  to  th/e  given 
line ;  press  the  edge  of  the  lower  rule  tight  to  the 
paper  with  one  hand,  and?  virith  the  other,  move  the 
upper  rule,  till  its  edge  coincides  with  the  given 
point ;  and  a  line  drawn  along  the  edge  through  the 
point  is  the  line  required- 

5.  Of  the  rolling  par allt I  rule.  This  instrument 
was  contrived  by  Mr.  Eckhardt,  i^nd  the  simplicity 
of  the  construction  does  credit  to  the  inventor, ;  it 
must,  however,  be  owned,  th^t  it  requires  Mtfk^  prac« 
lice  and  attention  to  use  it  with  success..    • 

Fig-  £9  plate  2,  represents  this  rule ;  it  is  a  rec* 
tangular  parallelogram  of  black  ebony,  with  slips  of 
ivory  laid  on  the  edges  of  the  rule,  and  divided  into 
inches  and  tenths^  The  rule  is  supported  by  two 
small  wheels,  which  are  connected  together  by  a  long 
axis,  the  wheels  being  exactly  of  the  same  size,  and 
their  rolling  surfaces  being  parallel  to  the  axis ;  when 
they  ftre  rgBed  backwards  or  forwards^  the  axis  ^nd 


rule  win  move  in  a  direction  parallel  to  themselves, 
llie  wheels  arcv somewhat  iiidented,  to  prevent  their 
sliding  on  the  paper;  smaH  ivory  cylinders  are  some- 
times affixed  to  the  rollers;  as  in  this  fif^re;  they  are 
called  rolling  scales*  The  circumferen^^es  of  these 
are  so  adjusted,  that  they  indicate^  with  exafctness^, 
Ae  parts  of  an  inch  moved  through  by  the  f  ale. 

In  rolling  these  rules,  one  hartd  only  must  be  used, 
*nd  the  fingei's  should  be  placed  nearly  in  the  mid- 
dle of  the  rule,  that  one  end  may  not  have  a  tendency 
to  move  iBSter  than  the  other.  The  wheels  only 
"dfKmkl  touch  the  paper  when  the  rule  is  moving,  and 
the  suriace  of  the  paper  should  be  smooth  and  flat. 

In  using  the  rule  with  the  rolling  scales,  to  draw  a 
line  parallel  toagiven  line  at  any  rfe/€r;^fe?eflf  distance, 
adjust  the  edge  of  the  rule  to  the  given  line,  arid 
-pressing  the  edge  down,  rdiie  the  wheels  a  little  frotri' 
the  paper,  and  you  may  turn  the  cylinders  fotind,  ta 
bring  the  first  division  to  the  index :  then,  if  you 
move  the  rule  towards  you,  look  at  the  ivory  cyUnder' 
on  the  left  hand,  and  the  numbers  will  shew  in  tenths 
of  an  inch,  how  much  the  rule  moves.  If  you  rnovQ 
the  rule  from  you,  then  it  will  be  shewn  by  the  num^- 
bers  on  the  right  hand  cylinder. 

To  raise  a  perpendicular  from  a  green  point  on  a 
^iven  line.  Adjust  the  edge  of  the  rule  to  the  line, 
placing  any  one  of  the  divisions  on  the  edge  ef  the 
rule  to  the  given  point ;  then  roll  the  rule  to  smy  disw 
tance,  and  make  a  dot  or  point  on  the  paper,  aft  the 
-same  diviiion  on  the  edge  of  the  rule ;  through  this 
point  draw  the  perpendicular. 

To  let  fall  a  perpendicular  from  any  given  point 
io  a  given  line.  Adjust  the  rule  to  the  given  line, 
and  roll  it  to  the  given  point ;  then,  obsterving  what 
division,  or  point,  on  the  edge  of  the  rule  the  given 
point  comes  to,  roll  the  rule  back  again  to  the  given 
line,  and  the  division,  or  point,  on  the  edge  of  the 
rule  will  shew  the  point  on  the  given  line,  to  which 
the  perpendicular  is  to  be  draw^. 
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By  this  method  of  drawing  perpendiculars,  squared 
and  parallelograms  may  be  easily  drawn  of  any  di- 
mensions. 

To  divide  any  given  line  into  a  number  of  equal 
parts.  Draw  a  right  line  from  either  of  the  extreme 

E>int8  of  the  given  line,  making  any  angle  with  it, 
y  means  of  the  rolling  scales,  divide  that  line  into 
as  many  iiiches,  or  parts  of  an  inch,  as  will  equal  the 
Dumber  of  parts  into  which  the  given  line  is  to  be 
divided.  Join  the  last  point  of  division^  and  the  ex- 
treme point  of  the  givei^  line :  to  that  line  draw  pa- 
rallel lines  through  the  pther  points  of  division,  and 
they  will  divide  tiie  given  line  into  equal  parts. 

6.  OJthe  square  parallel  rule.  The  evident  ad- 
vantages of  the  T  square,  pi.  3  ] ,  jlig'.'20,  and  drawing 
l>oard  over  all  other  kinds  of  parallel  rules,  gave  rise  to 
a  variety  of  contrivances  to  be  used,  when  a  drawing 
board  was  not  at  hand,  or  could  not,  on  account  of  the 
size  of  the  paper,  be  conveniently  used ;  among  these 
^re,  1.  The  square  parallel  rule.  2.  The  parallel  rule 
(j^nd protractor  J  both  of  which  I  contrived  some  years 
since,  as  substitutes  to  the  T  square.  The  square 
parallel  rule,  besides  its  use  as  a  parallel  rule,  is  pe- 
culiarly applicable  to  the  mode  of  plotting  recom- 
Qiended  by  Mr  Gale,  Its  use,  as  a  rule  for  drawing 
parallel  lines  at  given  distances  from  each  other,  for 
raising  perpendiculars,  forming  squares,  rectangles, 
&c.  is  evident  from  a  view  of  the  figure  alone ;  so 
that  what  has*  been  already  said  of  other  rules,  will 
be  sufficient  to  explain  how  this  may  be  uied.  It  is 
also  evident,  that  it  will  plot  with  as  much  accuracy 
as  by  the  beam,  fig.  1 1 ,  plate  3. 

J^^.  F  G  H,  plate  2,  represents  this  instrument; 
the  two  ends  F  G  are  lower  than  the  rest  of  the  rule, 
that  weights  ipay  be  laid  on  them  to  steady  the  rule, 
yrhen  both  hands  are  wanted.  The  two  rules  are 
fastened  together  by  the  brass  ends,  the  frame  ia  made 
\o  slide  regularly  between  the  two  rules,  carrying  at 
^be  same  time^  the  rule  H  in  a  positipn  at  right  angles 
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t9  the  edges  of  the  rule  F  G.  There  are  slits  in  the 
frame  a^  b,  with*  marks  to  coincide  with  the  respective 
scales  on  the  rules^  while  the  frame  is  moving  up  or 
down  :  c  is  a  point  for  pricking  off  with  certainty  di- 
visions from  the  scales.  The  limb,  or  rule  H,  is 
made  to  take  off^  that  other  rules^with  different  scales 
of  equal  parts  may  be  applied  ;  when  taken  ofi^,  this 
instrument  has  this  further  advantage,  that  if  the  dis* 
tances,  to  which  the  parallels  are  to  be  drawn,  exceed 
the  limits  of  the  rules,  the  square  part,  when  taken 
off,  may  be  used  with  any  straight  rule,  by  applying 
the  perpendicialar  part  against  it. 

7.  IPig*  I K  L,  plate  2,  represents  the  protracting 
parallel  rule;  the  uses  of  this  in  drawing  parallel  lines 
m  different  directions,  are  so  evident  from  an  inspec- 
tion of  the  figure,  as  to  render  a  particular  descriptioa 
unnecessary.  It  answers  all  the  purposes  of  the  T 
square  and  bevel,  and  is  peculiarly  useful  to  surveyors 
for  plotting  and  protracting,  which  will  be  seen,  when 
we  come  to  treat  of  those  branches. 

M  N  O  is  a  parallel  rule  upon  the  same  principle 
as  the  former:  it  was  also  contrived  by  Mr.  Haywood. 
It  is  made  either  of  wood  edged  with  ivory,  or  of  brass, 
and  any  scales  of  equal  parts  placed  on  it  to  the  con- 
venience of  the  purchaser.  Each  of  the  rules  M  N 
turns  upon  a  centre ;  its  use  as  a  parallel  rule  is  evi- 
dent from  the  figure,  but  it  would  require  more  pages 
than  can  be  spared  to  describe  all  the  uses  of  which 
it  is  capable ;  it  forms  the  best  kind  of  callipers,  or 
guage ;  serves  for  laying  down  divisions  and  angles 
with  peculiar  accuracy ;  answers  as  a  square,  or 
bevel ;  indeed^  scarce  ^any  artist  can  use  it,  wtfhout 
reaping  considerable  advantage  from  it,  and  finding 
uses  peculiar  to  his  own  line  of  business. 

8.  Of  the  German  parallel  rule^  jig.  1 ,  plate  3. 
This  was,  probably,  one  of  the  first  mstruments  in- 
vented to  facilitate  the  drawing  of  parallel  lines.  It 
has,  however,  only  been  introduced  within  these  few 
years  aiQong  the  English  artists;  and^  as  this  intro- 
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duction  probtMy  came  from  some  German  work,  it 
has  thence  acquired  its  name.  It  consists  of  a  square 
and  a  straight  rule,  the  edge  of  the  square  is  moved  in 
ttse  by  one  hand  against  the  rule,  which  is  kept  steady 
hy  the  other,  the  edge  having  been  previously  set  to 
ihe  given  line :  its  use  and  construction  is  obvious 
from^^.  1,  plates.  Simple  as  it  is  in  its  principle, 
it  has  undergone  some  variations,  two  of  which  I 
♦hall  mention  ;  the  one  by  Mr.  Jackson,  of  Totten* 
ham  ;  the  other  by  Mr.  M arquois,  of  London. 

Mr.  JacksorCsyJig,  6,  plate  3,  consists  of  two  equal 
triangular  pieces  of  brass,  ivory,  or  wood,  ABC, 
D  E  F,  light  angled  at  B  and  £  ;  the  edges  K  B 
and  A  C  are  divided  into  any  convenient  number  of 
<;qual  parts,  the  divisions  in  each  equal ;  B  C  and 
jD  E  are  divided  into  the  same  number  of  equal  parts 
AS  A  C,  one  side  of  D  E  F  may  be  divided  as  a  pro- 
tractor. 

To  draw  a  line  G  H,j/?^.;V,  plate  2,  parallel  to  a 
given  line,  through  a  poiftt  P,  or  at  a  given  distance* 

Place  the  edge  D  E  upon  the  given  line  I  K,  and 
let  the  instmment  form  a  rectangle,  then  slide  the  up- 
per piece  till  it  come  to  the.  given  point  or  distance, 
xeepingiihe  other  steady  with  the  left  hand,  and  draw 
the  line  G  H.  By  moving  the  piece  equal  distances 
by  the  scale  on  B  C,  any  number  of  equidistant  pa- 
Tailels  may  be  obtained. 

If  the  distance, ^]g*.  X;  pla^e  2,  between  the  given 
and  required  lines  be  considerable,  place  A  B  apon 
i  K,  and  E  F  against  A  C,  then  slide  the  pieces  al- 
ternately till  D  E  comes  to  the  required  point ;  in 
this  i^jinner  it  is  easy  also  to  construct  any  square  or 
rectangle,  &c. 

From  any  given  point  or  angle  ^^fig*  S^  plate  2,  ttf 
let  Jail  or  raise  aperpendicular  ona  given  line.  Place 
cither  of  the  edges  A  C  upon  G  P,  and  slide  A  B 
upon  it,  till  it  comes  to  the  point  P,  and  draw  P  H. 

To  divide  a  line  into  ami  proposed  number  of  equal 
parts  J  Jig.  T,  plate  '2.    Find  the  proposed  numb« 
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in  the  scale  B  C,  and  let  it  terminate  at  G,  then  place 
the  rules  m  a  rectangular  form,  and  move  the  whole 
about  the  point  G^  till  the  side  D  E  touches  H ;  now 
move  D  one,  two,  or  three  divisions,  according  to  ttie 
number  and  size  of  the  required  divisions,  down  B  'C, 
and  make  a  dot  at  I,  where  D  E  cuts  the  line  for  the 
first  part;  then  move  one  or  more  divisions  as  before, 
make  a  second  dot^  and  thus  proceed  till  the  whole 
be  completed. 

Of  Marquois^s  parallel  scales.  These  consist  of  a 
right  angled  triangle,  whose  hypothenuse,  or  longest 
side,  is  three  times  the  length  of  the  shortest,  and 
two  rectangular  scales.  It  is  from  this  relative  length 
of  the  hypothenuse  that  these  scales  derive  their  pe^ 
culiar  advanti^s,  and  it  is  this  alone  that  renders 
them  different  from  tlie  common  German  parallel 
rule:  for  this  we  are  much  indebted  to  Mr.  Mar« 
quois. 

What  has  been  already  said  of  the  German  rule^ 
applying  equally  to  those  of  Mr.  Marquois*s,  I  shall 
proceed  to  explain  their  chief  and  peculiar  excellence. 
On  each  edge  of  the  rectangular  rule  are  placed  two 
scales,  one  close  to  the  edge,  the  other  within  this* 
The  outer  scale,  Mr.  Marquois  terms  the  artificial 
0cale,  the  inqer  one,  the  natural  scale :  the  divisions 
on  the  outer  are  always  three  times  longer  than  those 
on  the  inner  scale,  as,  to  derive  any  advantage  from 
this  invention,  they  must  always  bear  the  same  pro- 
portion to  each  other,  that  the  shortest  side  of  the 
right  angled  triangle  does  to  the  longest  The  tri- 
angle has  a  line  near  the  middle  of  it,  to  serve  a«  an 
index,  or  pointer ;  when  in  use,  this  point  should  be 
placed  so  as  to  coincide  with  the  O  division  of  tlie 
scales  ;  the  numbers  on  the  scales  are  reckoned  both 
ways  from  this  division  ;  consequently,  by  confining 
the  rule,  and  sliding  the  triangle  either  way,  parallel 
lines  may  be  drawn  on  either  side  of  a  given  line,  at 
any  distance  pointed  out  by  the  index  on  the  triangle. 
The  advantages  of  this  contrivance  are:  1.  That  the  ^ 
sight  is  greatly  assistfsd^  as  the  divisions  on  tihe  outer 
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5cale  arc  so  much  larger  than  those  of  the  inner  one/ 
and  yet  answer  the  same  purpose,  for  the  edge  of  the 
right  angled  triangle  only  moves,  through  one  third 
of  the  space  passed  over  by  thd  index.  2.  That  it 
promotes  accuracy,  for  all  error  in  the  settiug  of  the 
index,  or  triangle,  is  diminished  one  third. 

Mr.  Marquois  recommends  the  young  student 'to 
procure  two  rules  of  about  two  feet  long,  having  one 
of  the  edges  divided  into  inches  and  tenths,  and  seve- 
ral triangles  with  their  hyix)thenuse  in  different  pro- 
portions to  their  respective  perpendiculars.  Thus,  if 
you  would  make  it  answer  for  a  scale  of  twenty  to  an 
inch,  the  hypothenuse  must  be  twice  the  length  of 
the  peipendicular ;  if  a  scale  of  30  be  required,  three 
times ;  of  40,  four  times ;  of  50,  five  times,  and  so 
on.  Thus  also  for  intermediate  proportions :  if  a 
scale  of  25  is  wanted,  the  hypothenuse  must  be  in 
the  proportion  of  25  to  10  or  5  to  2  ;  if  35 y  of  35  to 
10  or  7  to  2,  &c.  Or  a  triangle  may  be  formed,  in 
irbich  the  hy}X)thenuse  may  be  so  set  as  to  bear  any 
required  proportion  with  the  perpendicular.* 

t>r  THE   PROTJIACTOII. 

This  is  an  instrument  used  to  protract,  or  lay  down . 
an  angle  containing  any  number  of  degrees,  or  to 
find  how  many  degrees  <are  contained  in  any  given 
angle.  There  are  two  kinds  put  into  cases  of  mathe- 
matical drawing  instruments ;  one  in  the  form  <^  a 
semicircle,  the  other  in  the  form  of  a  parallelogram. 
The  circle  is  undoubtedly  the  only  natural  measure 
of  angles;  when  a  straight  line  is  therefore  used,  the 
divisions  thereon  are  derived  from  a  circle,  or  its  pro* 
perties,  and  the  straight  line  is  made  u^e  of  for  some 
relative  convenience  :  it  is  thus  the  parallelogram  is 
often  used  as  a  protractor,  instead  of  the  semicircle, 
because  it  is  in  some  cases  more  convenient,  and  that 
other  scales,  &c.  may  be  placed  upon  it. 

*  Keith's  improvement  on  Marquois's  Scales, />/a^e  ZZ^fg.  % 
Sf  4,  and  5,  will  be  hereafter  described.    Edii« 
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The  semicircular  protractor^Jig.  2,  plate  3,  is  di* 
vided  iuto  1 80«qual  parts  or  degrees^  which  are  nun»- 
bered  at  every  tenth  degree  each  way,  for  the  convex 
niency  of  reckoning  either  from  the  right  towards 
the  left,  or  from  the  left  towards  the  right ;  or  the 
more  easify  to  lay  down  an  angle  from  either  end  of 
the  line,  beginning  at  each  end  with  10,  20,  &c.  and 
proceeding  to  ISO  degrees.  The  edge  is  the  diame- 
ter of  the  semicircle,  and  the  mark  in  the  middle 
points  out  the  centre.  Fig.  3,  plate  3,  is  2l  protractor 
in  the  form  of  a  parallelogram:  the  divisions  are  here, 
as  in  the  semicircular  one,  numbered  both  ways;  the 
blank  side  represents  the  diameter  of  a  circle.  The 
side  of  the  protractor  to  be  applied  to  the  paper  is 
made  flat,  and  that  whereon  the  degrees  are  marked, 
is  chamfered  or  sloped  away  to  the  edge,  that  an 
angle  may  be  more  easily  measured,  and  the  divi- 
sions set  off  with  greater  exactness. 

Protractors  of  horn  are,  from  their  transparency, 
very  convenient  in  measuring  angles,  and  raising 
perpendiculars.  When  they  are  out  of  use,  they 
should  be  kept  in  a  book  to  prevent  their  warping. 

Upon  some  protractors  the  numbers  denoting  the 
angle  for  regular  polygons  are  laid  down,  to  avoid  the 
trouble  of  a  reference  to  a  table,  or  the  0])eration  of 
dividing;  thus,  the  number  5,  for  a  pentagon  is  set 
against  72^ ;  the  number  6,  for  a  hexagon,  against 
60^;  the  number  7,  for  a.  heptagon,  against  bV^\ 
and  so  on. 

Protractors  for  the  purposes  of  surveying  will  be 
described  in  their  proper  place. 
.  .  Application  of  the  protractor  to  use.  1 .  A  number 
of  degrees  being  giveny  to  protract^  or  lay  down  an 
iungky  whose  measure  shall  be  equal  thereto. 

ThuS)  to  lay  down  an  angle  of  60  degrees  from  the 
point  A  of  the  line  AB,  Jig.  14,  plate  3,  apply  the 
diameter  of  the  protractor  to  the  line  A  B.  so  that  the 
centre  thereof  may  coincide  exactly  with  the  point 
A I  then  with  a  protracting  pin  make  a  fine  dot  at 
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C  against  60  upon  the  liinb  of  the  protractor ;  ftoW 
remove  the  protractor,  a<id  draw  a  Hne  from  A 
through  the  point  C,  and  the  angle  CAB  contains 
the  given  number  of  degrees. 

2.  To  find  the  numbtr  of  degrees  contained  in  a 
given  angle  B  A.C. 

Place  the  centre  of  the  protractor  upon  the  angu- 
lar point  A,  and  the  fiducial  edge,  or  diameter,  ex- 
actly upon  the  line  A  B;  then  the  degree  upon  the 
limb  that  is  cut  by  the  line  C  A  will  be  the  measure 
of  the  given  angle,  vvhich,  in  the  present  ins^tance,  i« 
found  to  be  6o  degrees. 

3.  From  a  given  point  A,  in  the  line  A  B,  to  erect 
a  perpendicular  to  that  line. 

Apply  the  protractor  to  the  line  A  B,  so  that  the 
centre  may  coincide  with  the  point  A,  and  the  divi- 
sion marked  yo  may  be  cut  by  the  line  A  B,  then  a 
line  D  A  drawn  against  the  diameter  of  the  protrac- 
tor will  be  perpendicular  to  A  B. 

Further-' uses  of  this  instrument  will  occur  in  most 
parts  of  this  work,  particularly  its  use  in  constructing 
polygons,  which  will  be  found  under  their  respective 
heads.  Indeed,  the  general  use  being  explained,  the 
particular  application  must  be  left  to  the  practitioner, 
or  this  work  would  be  unnecessarily  swelled  by  a  tc^ 
dious  detail  and  continual  repetitions. 

OF   THE   PLAIN   SCALE. 

'The  divisions  laid  down  on  the  plain  scale  ^r^  of 
two  kinds,  the  one  having  more  immediate  relation 
to  the  circle  and  its  properties^,  the  other  being  mere- 
ly concerned  with  dividing  straight  lines. 

It  has  been  already  observed,-  that  though  arche« 
of  a  circle  are  the  most  natural  measures  of  ah  angle, 
yet  in  many  cases  right  lines  were  substituted,  ai 
being  more  convenien-t ;  for  the  comparison  of  one 
right  line  with  another,  is  more  natural  and  easy,  than 
the  cotdparisoft  of  a  right  line  with  a  cufvei  hen€« 
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it  is  usual  to  measure  the  quantities  of  angles  not  hy 
the  arch  itself,  which  is  described  on  the  angular 
point,  but  by  certain  lines  described  about  that  arch* 
iSee  definitions. 

The  lines  laid  down  on  the  plain  scales  for  thtf 
measuring  of  angles,  or  the  protracting  scales,  are, 
1.  A  Hue  of  chords  marked  cho.  2.  A  line  of  sine9 
marked  sin.  of  tangents  marked  tan.  of  semitan-' 
£ents  marked  st.  and  of  secants  marked  s£c,  this  last 
IS  often  upon  the  same  line  as  the  sines,  because  \Xm 
gradations  do  not  begin  till  the  sines  end. 

There  are  two  other  scales,  namely,  the  rhumbi^ 
marked  ru.  and  long^  mark<id  lon.  Scales  of  lati- 
tude and  hours  are » sometimes  put  upon  tlie  plain 
scale ;  but,  as  dialling  is  now  but  seldom  studied, 
they  are  only  made  to  order. 

The  divisions  used  for  measuring  straight  lines  are 
called  scales  of  equal  paj^ts,  and  are  of  various  lengths 
for  the  convenience  of  delineating  any  figure  of  % 
large  or  smaller  size,  according  to  the  fancy  or  pur- 
poses of  the  draughts-man.  They  are,  indeed,  no* 
thing  more  than  a  tneasure  in  miniature  for  laying 
down  upon  paper,  &c.  any  known  measure,  as  chains^ 
yards^  feet,  &c.  each  part  on  the  scale  answering  to 
one  foot,. one  yard,  &c.  and  the  plan  will  be  larger 
or  smaller,  as  the  scale  contains  a  smaller  or  a  greater 
number  of  parts  in  an  inch^  Hence  a  variety  of 
scales  is  useful  to  lay  down  lines  of  any  required 
length,  and  of  a  convenient  proportion  with  respect 
to  the  size  of  the  drawing.  If  none  of  the  scaler 
happen  to  suit  the  purpose,  recourse  should  be  had 
to  tlie  line  of  lines  on  the  sector  ;  for,  by  the  differ* 
f  nt  openings  of  that  instrument,  a  line  of  any  length 
may  be  divided  into  as  many  equal  parts  as  any  per% 
son  chooses. 

Scales  of  equal  parts  are  divided  into  two  kinds^ 
the  one  simple,  the  other  diagonally  divided. 

Six  of  the  simply  divided  scales  are  generally 
phcod  one  above  another  upon  the  same  rule ;  they 
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are  divided  into  as  many  equal  parts  as  the  lefigiii 
of  the  rule  will  admit  of;  the  numbers  placed  on  the 
right  hand  shew  how  many  parts  in  an  inch  each 
scale  is  divided  into.  The  upper  scale  is  sometimes 
shortdncd  for  the  sake  of  introducing  another^  called 
the  line  of  chords. 

The  first  of  the  larger,  or  primary  divisions,  on 
every  scale  is  subdivided  into  10  equal  parts,  which 
small  parts  are  tbose  which  give  a  name  to  the  scale; 
thus  it  is  called  a  scale  of  20,  when  20  of  these  di- 
visions are  equal  to  one  inch.  If,  therefore,  these 
lesser  divisions  be  taken  as  units,  and  each  repre- 
sents one  league,  one  mile,  one  chain,  or  one  yard, 
&c.  then  will  the  larger  divisions  be  so  many  tens  ; 
but  if  the  subdivisions  are  supposed  to  be  tens,  the 
larger  divisions  will  be  hundreds. 

To  illustrate  this,  suppose  it  were  required  to  set 
off  from  either  of  the  scales  of  equal  parts  44,  36,  or 
360  parts,  either  miles  or  leagues.  Set  one  foot  of 
your  compasses  on  3>  among  the  larger  or  primary 
<Hvisions,  and  open  the  other  point  till  it  falls  on  the 
6th  subdivision,  reckoning  backwards  or  towards 
the  left  hand.  Then  will  this  extent  represent  4-J, 
36,  or  360  miles  or  leagues,  &c.  and  bear  the  same 
proportion  in  the  plan  as  the  line  measured  does  to 
the  thing  represented. 

To  adapt  these  scales  to  feet  and  inches,  the  first 
primary  division  is  often  duodecimally  divided  by  ati 
upper  line ;  therefore,  to  lay  down  any  number  of 
feet  and  inches,  as  for  instance,  eight  feet  eight  inches, 
extend  the  compasses  from  eight  of  the  larger  to 
eight  of  the  upper  small  ones,  and  that  distance  laid 
down  on  the  plan  will  represent  eight  feet  eight 
inches. 

Of  the  scale  of  equal  parts  diagonally  divided. 
!l'he  use  of  this  scale  is  the  same  as  those  already 
d  onSed.  B^it  by  it  a  plane  may  be  more  accurate** 
I v  t  -Hed  than  by  the  former;  for  any  one  of  the 
li  .^r   :.,vjsioas  may  by  this  be  subdivided  into  100 
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4squal  parts ;  and,  therefore,  if  the  scale  contains  10 
'of  the  larger  divisions^  any  number  under  1000  naay 
be  laid  down  with  accuracy. 

The  diagonal  scale  is  seldom  'placed  on  the  same 
side  of  the  rule  wjth  the  other  plotting  scales. 
The  first  division  of  the  diagonal  scale,  if  it  be  a 
foot  long,  is  generally  an  inch  divided  into  100  equal 
parts,  and  at  the  opposite  end  there  is  usually  half  an 
inch  divided  into  100  equal  parts.  If  the  scale  be  sii^ 
inches  long,  one  end  has  commonly  half  an  inch, 
the  other  a  quarter  of  an  inch  subdivided  into  100 
equal  pSirts. 

The  nature  of  this  scale  will' be  better  under- 
stood by  considering  its  construction.  For  this 
purpose : 

First.  Draw  eleven  parallel  lines  at  equal  dis- 
tances ;  divide  the  upper  of  these  lines  into  such  a 
number  of  equal  parts,  as  the  scale  to  be  expressed 
is  intended  to  contain;  from  each  of  iheie  divi- 
sions draw  perpendicular  lines  through  the  eleven  pa^ 
rallels. 

Secondly.  Subdivide  the  first  of  these  divisions 
into  ten  equal  parts,  both  in  the  upper  and  lowef 
lines.  *  , 

Thirdly.  Subdivide  again  each  of  these  subdivi^ 
sions,  by  drawing  diagonal  lines  from  the  lOth  below 
to  the  gth  above ;  from  the  8th  below  to  the  7  th 
above ;  and  so  on,  till  from  the  first  below  to  the  Q 
above :  by  these  lines  each  of  the  small  divisions  is 
divided  into  ten  parts,  and^  consequently,  the  whole 
first  space  into  1 00  equal  parts  ;  for,  as  each  of  the 
subdivisions  is  one-tenth  part  of  the  whole  first  space 
or  division,  so  each  parallel  above  it  is  one-tenth  of 
such  subdivision,  ana,  consequently,  one-hundreth 
part  of  the  whole  first  space  ;  and  if  there  be  ten  of 
the  larger  divisions,  one-thousandth  part  of  the 
whole  space. 

If^  therefore^  the  larger  divisions  be  accounted  as 
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tinits^  the  first  subdivisions  will  be  tenth  parts  of  an 
iinit^  and  the  second,  marked  by  the  diagonal  upc^ 
theparftllels,  hundredth  parts  of  the  unit.  But,  if  we 
suppose  the  larger  divisions  to  be  tens,  the  first  sub- 
divisions ivill  be  units,  and  the  second  tenths.  If 
the  larger  are  hundreds,  then  will  the  first  be  tens, 
and  the  second  units.  «. 

The  numbers,  therefore,  5769  57  A  5,76,  are  all 
expressible  hy  the  same  extent  of  the  compasses : 
thus,  setting  one  foot  in  the  number  five  of  the 
larger  divisions,  extend  the  other  along  the  sixth  pa- 
rallel to  the  seventh  diagonal.  For,  if  the  five 
larger  divisions  be  taken  for  500,  seven  of  the  first 
subdivisions  will  be  70,  which  upon  the  sixth  pa- 
rallel^ taking  in  six  of  the  second  subdivisions  for 
units,  makes  the  whole  number  676.  Or,  if  the 
live  larger  divisions  be  taken  for  five  tens,  or  50, 
seven  of  the  first  subdivisicms  will  be  seven  units^ 
and  the  six  second  subdivisions  upon  the  sixth  pa- 
rallel, Wilt  be  six  tenths  of  an  unit.  Lastly,  if  the 
five  larger  divisions  be  only  esteemed  as  five  units^ 
then  will  the  seven  first  subdivisions  be  seven  tenths, 
and  the  six  second  subdivisions  be  the  six  hundredth 
partsT  of  an  unit. 

Of  the  use  of  the  stales  of  equal  tarts.  Though 
what  I  have  already  said  on  this  head  may  be  deemed 
sufficient,  I  shall  not  scruple  to  introduce  a  few 
more  examples,  in  order  to  render  the  young  prac- 
titioner more  perfect  in  the  management  of  an  in- 
strument, that  will  be  continually  occurring  to  him 
in  practical  geometry.  He  will  have  already  observed, 
that  by  scales  of  equal  parts  lines  may  be  laid  down, 
or  geometrical  figures  constructed,  whose  right-lined 
sides  shall  be  in  the  same  proportion  as  any  given 
numbers. 

Example  1 .  To  take  off  the  number  4,7gfrom  a 
diagonal  scale.  Set  one  foot  of  the  compasses  on 
the  point  where  the  fourth  vertical  line  cuts  the 


seventh  horizontal  line^  and  ei^tend  the  other  foot  to 
the  point  where  the  ninth  diagonal  cuts  the  seventh 
liorizontal  line. 

EMtmple  2.  To  take  off' the  number  76,4*  Ob* 
serve  the  points  where  the  sixth  horizontal  cuts 
the  seventh  vertical  and  fourth  diagonal  Kne^  the 
extent  between  these  points  will  represent  the  num* 
her  76,4. 

In  the  first  example  each  primary  division  is  taken 
ibr  one,  in  the  second  it  is  taken  for  ten. 

Example  3.  To  lay  down  a  line  of  1  fib  chains  by 
the  diagonal  scale.  Set  one  point  of  your  compasses 
where  the  eighth  parallel,  counting  upwards,  cuts 
the  seventh  vertical  line;  and  extend  the  other 
point  to  the  intersection  of  the  same  eighth  parallel 
with  the  fifth  diagonal.  Set  off  the  extent  7,85  thus 
found  on  the  line. 

Example  4.  To  measure  by  the  diagonal  scale  a 
iine  that  is  already  laid  down.  Take  the  extent  of 
the  line  in  your  compasses,  place  one  foot  on  the 
first  vertical  line  that  will  bring  the  other  foot  among 
the  diagonals ;  move  both  feet  upwards  till  one  of 
them  fiaill  into  the  point  where  the  diagonal  from  the 
nearest  tenth  cuts  the  same  parallel  as  is  cut  by  the 
other  on  the  vertical  line ;  then  one  foot  shews  the 
chain,  and  the  other  the  hundredth  parts'  or  odd 
links.  Thus,  if  one  foot  is  on  the  eighth  diagonal 
of  the  fourth  parallel,  while  the  other  is  on  the  same 
parallel,  bat  coincides  vrith  the  twelfth  vertical,  we 
have  12  chains,  48  links,  or  12,48  chains. 

Example  5.  Three  adjacent  parts  of  any  right-' 
lined  triangle  being  given,  to  form  the  plan  thereof. 
Thus,  suppose  the  base  of  a  triangle.Jig.  15,  plate  3, 
40  chains,  the  angle  ABC  equal  to  id  deg.  and  angle 
BAG  equal  to  41  deg. 

Draw  the  line  A  S,  and  from  any  of  the  scales  of 
equal  parts  take  off  40,  and  set  it  on  the  same  line 
from  A  to  B  for  the  base  of  the  triangle ;  at  the 
p<Hnt$  .  A^,  Bj  make  the  angle  ABC  equal  to  %6 
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degrees^  and  B  A  C  to  41 5  and  the  triangle  will  he 
formed  ;  then  take  in  your  compasses  the  length  of 
the  side  A  C^  and  apply  it  to  the  same  scale^  and  you 
will  find  its  length  to  be  24  chains ;  do  the  same  by 
the  side  B  C,  and  you  will  find  it  measure  27  chains^ 
and  the  protractor  will  shew  that  the  angle  A  C  B 
contains  103  degrees. 

Example  6/  Given  the  base  A  B.^g.  1 6,  plate  3/ 
of  a  triangle  327  yards,  the  angle  CAB  44°  30',  and 
the  side  AC,  208  yards,  to  constitute  the  said 
triangle,  and  find  the  length  of  the  other  sides. 

Draw  the  line  AB  at  pleasure,  then  take  32/ 
parts  from  the  scale,  and  lay  it  from  A  to  B  ;  set 
the  centre  of  tlie  protractor  to  the  point  A,  lay 
off  44°  30^  and  by  that  mark  draw  A  C ;  then 
take  with  the  compasses  from  the  same  scale  20S, 
and  lay  it  from  A  to  C,  and  join  C  B,  and  the 
parts  of  the  triangle  in  the  plan  will  bear  the 
same  proportion  to  each  other  as  the  real  parts  in  the 
field  ao. 


OF  THE  REMAINING  LINES  ON  THE  PLAIN 

SCALE. 


OF  TH£>  PROTRACTING   SCALES. 

1.  Of  the  line  qf  chords.  This  line  is  used  to 
set  off  an  angle  fit>m  a  given  point  in  say  right  line^ 
or  to  measure  the  quantity  of  an  angle  already  laid 

down. 

Thus  to  draw  a  line  A  e,  fig.  14,  plate  3,  that 
shall  moke  with  the  line  AB  an  angle,  contain- 
ing a  given  number  of  degrees,  suppose  40  degrees^ 
'  Open  your  compasses  to  the  extent  of  60  degrees 
upon  die  line   of  choids«  (which  is  always  equal  to 


THJE   PROTRACnKG  SCALES. 


37 


the  radius  'of  the  circle  of  projection,)  and  setting 
one  foot  in  the  an^lar  point,  with  that  extent  de- 
scribe an  arch ;  then  taking  the  extent  of  40  de- 
grees from  the  said  chord  line,  set  it  off  from  the 
given  line  on  the  arch  described  at  e ;  a  right  line 
drawn  from  the  given  point,  through*  the  point 
marked  upon  the  arch,  will  form  the  required  angle. 

The  degrees  contained  in  ain  angle  already  laid 
down,  are  found  nearly  in  the  same  manner ;  for 
instance,  to  measure  the  angle  CAB.  Fr^m  the 
caitre  describe  an  arch  with  the  chord  of  6o  de- 
grees, and  thft  distance  C  B,  measured  on  the  line 
of  chords,  will  give  the  number  of  degrees  contained 
jn  the  angle. 

If  the  number  of  degrees  are  more  than  go, 
they  must  be  measured  upon  the  chords  at  twice : 
thus,  if  1 20  degrees  were .  to  be  practised,  6o  may 
be  taken  from  the  chords,  and  those  degrees  be  laid 
off  twice  upon  the  arch.  Degrees  taken  from  the 
chords  are  sdways  to  be  counted  froqi  the  beginning 
of  the  scale. 

Of  the  rhumb  line*  This  ifty  in  fact,  a  line  of 
chords  constructed  to  a  quadrant  divided  into  eight 
parts  or  points  of  the  compass,  in  order  to  facili- 
tate the  work  of  the  navigator  in  laying  down  a  ahip*8 
course. 

Thus,  supposing  the  ship's  course  to  be  N  N  E, 
and  it  be  required  to  lay  down  that  angle.  Draw 
the  line  A  B,^^.  14,  plate  Zj  to  represent  the  meri- 
dian, and  about  the  point  A  sweep  an  arch  with  the 
chord  of  60  degrees  ;  then  take  the  extent  to  the  se- 
cond rhumb,  from  the  line  of  rhujinbs,  and  set  it  off 
on  the  arch  from  B  to  e,  and  draw  the  line  A  e,  and 
the  angle  B  A  e  will  represent  the  ship's  course.  The 
second  rhumb  was  taken,  because  N  N£  is  the  se- 
cond point  from  the  north. 

Of  the  line  of  longitudes.  The  line  of  longitudes 
is  a  line  divided  into  sixty  unequal  parts,  and  so  ap- 
plied tQ  the  line  of  chords,  as  to  shew  by  inspectiouji 


St  THS  PROTRACTING  SCALR8« 

the  number  of  equatorial  miles  qontained  io  a  de^ 
gree  on  any  parallel  of  latitude.  The  graduated 
line  of  chords  is  necessary,  in  order  to  shew  the. la* 
tkudes ;  the  line  of  longitude  shews  the  quantity  c^ 
a  degree  on  each  parallel  in  sixtieth  parts  of  an  equa- 
torial degree,  that  is,  miles.  The  use  of  this  line 
will  be  evident  from  the  following  example,  A  ship 
ia  latitude  44*  12^  N*  sails  £•  79  miles,  required 
her  difference  of  longitude.  Opposite  to  444  nearest 
equal  to  the  latitude  on  the  line  of  chords,  stands  43 
on  the  line  of  longitude,  which  is  therefore  the  num- 
ber of  miles  in  a  degree  of  longitude  in  that  latitude. 
Whence  as  43  :  60  ::  79  :  110  miles,  the  difference 
of  longitude. 

The  lines  9J  tangents,  semitangents,  and  secants 
serve  to  find  the  centres  and  poles  of  projected  cir- 
cles in  the  sterec^raphical  projection  of  the  sphere. 

The  line  of  sines  is  principally  used  for  the  ortho- 
graphic projection  of  the  sphere ;  but  as  the  i^pli* 
cation  of  these  lines  is  the  same  as  that  of  similar 
lines  on  the  sector,  we  shall  refer  the  reader  to  the 
explanation  of  tliios#  line^  in  our  description  of  that 
instrument. 

The  lines  of  latitudes  and  hours  are  used  con- 
jointly, and  serve  very  readily  to  mark  the  hour  lines 
in  the  construction  of  dials ;  they  are  generally  on 
the  most  complete  sorts  of  scales  and  sectors ;  for  the 
uses  of  which  see  treatises  on  dialling.* 

*  I  think  it  however  best  to  give  the  young  student  here  the 
simple  method  of  drawing  the  lines  for  a  dial  by  the  common  scales 
of  latitudes  and  hours.  It  is  the  most  ready  way,  and  when  the 
lines  are  correctly  laid  down^  on  an  extent  n-om  9  to  12  indies  or 
more,  the  hour  lines  of  the  dial  may  be  delineated  even  to  a  mi* 
nute  of  time^Foranhorizontaldial,  plate^^  figs»199 19^.  Draw  two 
parallel  lines,  as  a  double  meridian  line  abcd^dLtSi  distance  apart 
equal  to  the  thickness  of  the  mtended  stile  or  gnomon,  on  your 
dial  plane.  Intersect  it  at  right  angles  by  another  line,  called 
the  6  eVlock  line,  ef^  from  the  scale  of  latitudes  take  the  latitude 
of  the  place  with  the  compasses,  and  set  that  extent  from  c  to  0 
and  from  a  ioj'qu  the  6  o'clock  line,  then  taking  the  whole  6 
hours  betveea  the  parts  of  the  compasses  from  Iho  B^sie, 
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Amidst  the  variety  of  mathematical  instramenta 
that  have  been  contrived  to  £aicilitate  the  art  o£ 
drawing,  there  is  none  so  extensive  in  its  use,  oc 
of  such  general  application  as  the  sector.     It  ia  aa 

that  extent  set  one  foot  in  the  point  e,  and  with  the  other  intersect 
the  meridian  line  cdatd.  Do  the  same  fromy^to  A,  and  draw 
the  right  lines  c  dfh^  which  are  of  the  same  length  as  the  scale 
of  hours.  Place  one  foot  of  the  compasses  in  the  beginning  of  the 
scale  at  XII«  and  extending  the  other  to  any  hour  on  the  scale,  lay 
these  extents offfrom  ^towards  e  for  the  afternoon  hours,  andf^om 
h  towardsyfor  the  forenoon.  In  the  same  manner  the  quarters  or 
minutes  may  be  laid  down  if  required.  The  edge  of  a  ruler  being 
placed  on  the  point  c,  draw  the  first  five  afternoon  hours  from 
that  point  thvoagh  the  marks  1,  2,  3,  4,  Sy  on  the  line  de^  and 
contmue  the  lina:  of  IV  and  V  through  the  centre  c  to  the  other 
side  of  the  dial  for  the  like  hours  pf  ue  morning :  lay  a  mler  on. 
the  point  a  and  draw  the  last  five  forenoon  hours,  through  the 
marks  5»  4«,  S,  2,  I,  as  the  Vok^fh  continuing  the  hour  lines  of 
VII  and  VIII  through  the  centre  a  to  the  other  side  of  the  dial, 
for  the  evening  hours,  and  figure  the  hours  to  the  respective  lines. 
To  make  the  ffsomoa.  From  the  line  of  chords  alwavs  placed 
on  the  same  dialling  scale  take  the  extent  of  60^,  and  describe 
from  the  centre  a  the  arch^  e,  then  with  the  extent  of  the  Iati« 
tode  of  the  place,  suppose  London  51^^  taken  from  the  line  of 
chords,  set  one  foot  m  a  and  cross  the  arch  with  the  other  atji. 
From  the  centre  at  a  draw  the  line  a^  for  the  axis  of  the  gnomon 
«^  t,  and  from^  let  faQ  the  perpendicular  ^  f  upon  the  meridian 
line  a  i,  and  there  will  be  formed  a  triangle  a^i  for  a  plate  of  tri- 
angular frame  similar  to  this  triangle,  of  the  thickness  of  the  inter- 
val of  the  parallel  lines  achd  which  must  be  made  and  set  upright 
between  them  touching  at  a  and  b :  its  hjpothenuse  or  axis  a  g  will 
be  parallel  to  the  axis  of  the  earth  when  the  dial  is  fixed  truly^ 
and  of  course  cast  its  shadow  on  the  hour  of  the  day.  To  make  an 
erect  south  dial^  take  the  complement  of  the  latitude  of  the  place, 
^hich  for  London,  is  90*^  less  51^  =  38^  from  the  scale  cf  lati- 
tudes, and  proceed  in  all  respects  for  the  hour  lines,  as  above  for 
the  horizontal  dial^  only  reversing  the  hours,  and  limiting  th^m 
to  the  VI,  and  for  the  gnomon  making  the  angle  of  the  stile's 
height  equal  to  the  oo4atitude  S84,  see  fig.  90, 

Lines  of  chords,  and  inclinations  of  meridians,  are  used  when 
the  hour  angles  are  given  in  tables  of  degrees,  &c.  ^ 

For  the  easiest  and  best  methods  of  fixing  dials,  see  my  Method 
^finding  a  Meridian  Line  to  set  Sun  Dials,  Chcki,  Watchest^  &c* 
8vo.    ]^I3?. 
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tmiversal  scale,  uniting  as  it  were,  angles  and  pa» 
rallel  lines,  the  rule  and  the  compass,  which  are 
the  only  means  that  geometry  makes  use  of  for 
measuring,  whether  in  speculation  or  practice.  The 
real  inventor  of  this  valuable  instrument  is  unknown; 
yet  of  so  much  merit  has  the. invention  appeared, 
that  it  was  claimed  by  Galileo^  and  disputed  by 
nations. 

This  instrument  derives  its  name  from  the  tentli 
definition  of  the  third  book  of  Euclid^  where  he  de- 
fines the  sector  of  a  circle.  It  is  formed  of  two  equal, 
rules,  (Jig*  4  and  5 opiate  3, J  A  B,  D  B,  called  legs ; 
these  legs  are  moveable  about  the  centre  C  of  a 
joint  def,  and  will,  consequently,  by  their  different 
openings,  represent  every  possible  variety  of  plane 
angles.  The  distance  of  the  extremities  of  these 
rules  are  the  subtenses  or  chords,  of  the  arches  they 
describe. 

Sectors  are  made  of  different  sizes,  but  their 
length  is  usually  denominated  from  the  length  of 
the  legs  when  the  sector  is  shut.  Thus  a  sector 
of  six  inches,  when  the  legs  are  close  together, 
forms  a  rule  of  12  inches  when  opened;  and  a 
foot  sector  is  two  feet  long,  when  opened  to  its 
greatest  extent.     In   describing   the   lines  usually 

{)laced  on  this  instrument,  I  refer  to  those  commonly 
aid  down  on  the  best  six-inch  brass  sectors.  But  as 
the  principles  are  the  same  in  all,  and  the  diflferences 
little  more  than  in  the  number  of  subdivisions,,  it 
is  to  be  presumed  that  no  difficulty  will  occur  in  the 
application  of  what  is  here  said  to  sectors  of  a  larger 
radius. 

Of  this  instrument.  Dr.  Priestley  thus  speaks  in 
his  Treatise  on  Perspective.  ^^  Besides  the  small 
sector  in  the  common  pocket  cases  of  instruments, 
I  would  advise  a  person  who  proposes  to  learn  to 
draw,  to  get  another  of  one  foot  radius.  Two 
sectors  are  in  many  cases  exceeding  useful,  if  not 
absolutely  necessary  ;    and  I   would  not  advise  n 
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jterson  to  be  sparing  of  expence  in  procuring  a  very 
good  'ii^strument^  the  uses  of  which  are  so  various 
atid  important." 

■  The  scales,  or  lines  graduated  upon  the  faces  of 
the  instrument,  and  which  are  to  be  used  as  sec^ 
toral  lines,  proceed  from  the  centre ;  and^  are, 
i.  Two  scales  of  equal  parts,  one  '  on  each  leg, 
marked  lin.  or  l.  each  of  these  scales,  from  the 
great  extensiveness  of  its  use,  is  called  the  line  of 
lines.  2.  Two  lines  of  chords,  marked  cho.  or  c» 
3.  Two  lines  of  secants,  marked  sec.  or  s.  A  line 
of  polygons,  marked  vol.  Upon  the  other  fece, 
tibe  sectoral  lines  are,  1.  Two  lines  of  sines,  marked 
^in.  or  s.  2.  Two  lines  of  tangetits,  marked  tan. 
3.  Between  the  lines  of  tangents  and  sines, -there  is 
another  line  of  tangents  to  a  lesser  radius  to  supply 
the  defect  of  the  former,  and  e:(tending  from  45^ 
to  75^ 

Each  pair  of  these  lines  (except  the  line  of  ]x>- 
lygons)  IS  so  adjusted  as  to  make  equal  angles  at 
the  centre^  and  consequently  at  whatever  distance 
the  sector  be  opened,  the  angles  will  be  always 
respectively  equal.  That  is,  the  distance  betweea 
10  and  10  on  the  line  of  lines,  will  be' equal  to  6o 
and  6o  on  the  line  of  chords,  90  and  90  on  the 
line  of  sines,  and  45  and  45  on  the  line  of  tan* 
gentsw 

Besides  the  sectoral  scales,  there  are  others  on 
each  face,  placed  parallel  to  the  outward  edges, 
and  used  as  those  of  the  common  plain  scale. 
There  are  on  the  face.  Jig.  5.  1 .  A  line  of  inches. 
2.  A  line  of  latitudes.  3.  A  line  of  hours.  4.  A 
line  of  inclination  of  meridians.  5.  A  line  of 
chords.  On  the  fiice.  Jig.  4,  three  logarithmic 
scales,  namely,  one  of  numbers,  one  of  sines,  and 
one  of  tangents;  these  are  used  when  the  sector  is 
fully  opened,  the  legs  forming  one  line ;  their  use 
ivill  be  explained  when  we  treat  of  trigonometry. 

To  read  and  estinuite  the  divisions  on  the  sectoral 
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linex.  The  value  of  tlie  divisions  oa  most  of  tbs 
lines  a^re  determined  by  the  figures  adjacent  to 
them  ;  these  proceed  by  tens,  which  constitute  the 
divisions  of  the  first  order^  and  are  nunabered  ac- 
cordingly; but  tbe  valine  of  the  divisions  on  the 
line  of  lines,  that  are  distinguished  by  figures,  is 
entirely  arbitrary,  and  naay  represent  any  value  that 
is  given  to  them  ;  hence  the  figures  1,  2,  3,  4,  &C4 
may  denote  either  10,  20,  30,  40;  or  100,  200,  300, 
400,  jand  so  on. 

The  line  of  lines  is  divided  into  ten  equal  parts, 
numbered  1,  2,  3,  to  10;  these  may  be  called  dx" 
visions  of  the  first  order ;  each  of  these  are  again 
subdivided  into  10  other  equal  parts  which  may 
be  called  divisions  of  the  second  order ;  and  each  of 
these  is  divided  into  two  equal  parts,  forming  divi- 
sions of  the  third  order. 

The  divisions  on  all  the  scales  are  contained 
between  four  parallel  lines;  those  of  the  first 
order  extend  to  the  most  distant ;  thoseof  the  third, 
to  the  least ;  those  of  the  second  to  the  intermediate 
parallel. 

When  the  whole  lin^  of  lines  represents  100, 
the  divisions  of  the  first  order,  or  those  to  which 
the  figures  are  annexed,  represent  tens;  those  of 
the  second  order,  unitfi ;  those  of  the  third  order, 
the  halves  of  these  units.  If  the  whole  line  rq>re- 
sents  ten,  then  the  divisions  of  the  fy-st  order  are 
units ; .  those  of  the  second,  tenths ;  and  the  thirds, 
twentieths. 

In  the  line  of  tangents^  the  divisions  to  which  the 
nunibers  are  afiiixed,  are  the  degrees  expressed  by 
those  numbers.  Every  fifth  degree  is  denoted  by  a 
line  somewhat  longer  than  the  rest ;  between  every 
number  and  each  fifth  degree,  there  are  four  divi« 
sions,  longer  than  the  intermediate  ^djaceot  ones, 
these  are  whole  degrees ;  the  shorter  ones,  or  those 
of  the  third  order,  are  30  minutes. 

.from  the  centre,  to  Qo  degi^s,  t^e  Hfle  ofsincf  is 
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divided  like  the  Uae  of  tangents ;  from  6o  ta  70^  it 
is  divided  only  to.  every  degree ;  from  70  to  QO,  tp 
every  two  d^^rees;  from  80  to  QO^  the  divisioa 
must  be  estimated  by  the  eye. 

The  divisions  on  the  line  of  chords  are  tp  be  esti- 
ipated  in  the  same  manner  a^  the  tangeotSb 

The  kMser  line  of  tangents  is  graduated  every  two 
degrees  from  45  to  60;  but  from  50  to  60,  to  every 
degree ;  from  60  to  the  end,  to  half  degrees. 

The  line  of  secants  from  0  to  10,  is  to  be  estimated 
by  the  eye  ;  from  20  to  50  it  is  divided  to  every  two 
d^ees  ;  fix>m50to60»  to  every  degree ;  and  from 
Go  to  the  end)  to  every  half  degree. 

OF  THS  GENERAL  LAW  OR   FOUNDATION  OF 

aSCTOEAL  LINES. 

Let  C  A,  GB>  fg.  17 ^  plate  3,  represent  a  pair 
of  sectoral  lines^  (ex.  gn  those  of  the  line  of  lines,) 
farming  the  apgle  A  C  B ;  divide  each  of  these  lines 
into  four  equal  parts^  in  the  points  H,  D^  F,  A ; 
I^  C,  G>B;  draw  the  lines  H  I»  D£,  FG,  AB. 
Xben  because  C  A,  C  B,  are  eqiial,  tbeir  sections  are 
also  equals  die  triangles  9Xt  equiangular,  having  a 
common  angle  at  C,  und  equ»l  angles  at  the  base; 
and  therefore,  the  sides  about  the  equal  angles  will  be 
proportional ;  for  as  C  H  to  C  A,  so  is  H I  to  A  B, 
and,  thevefbre,  as  C  A  to  C  H,  so  is  AB  to  HI, 
and,  consequently,  as  C  H  to  H  I,  so  is  C  A  to 
AB;  and  thenoe  if  CH  be  one-fourth  of  CA, 
H I  will  be  one-fourth  of  A  B,  and  so  of  all  other 
sections* 

Hence,  as  in  all  operations  on  the  sectoral  lines, 
there  a^e  two  trianeles,  both  isosceles  and  equi- 
angled;  isosceles,  because  the  pairs  of  sectoral 
lines  are  equal  by  construction;  equiangled,  be* 
cause  of  the  common  angle  at  the  centre  ;  the  sides 
encompassing  th^  equal  angles  are,  therefore,  pro* 
portiomL 
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Hence  also,  if  the  lines  C  A,  C  B,  represent  the 
line  of  chords,  sines,  or  tangents ;  that  is,  if  C  A, 
A  B  be  the  radius,  and  the  line  C  F  the  chord,  sine, 
or  tangent  of  any  proposed  number  of  degrees, 
then  the  line  F  G  will  be  the  chord,  sine,  or  tan- 
gent, of  the  same  number  of  degrees,  to  the  radius 
AB. 


OF     THE     GENERAL      MODE      OF      USING      SECT038AL 

LINES. 

t 

It  is  necessary  to  explain,  in  this  place,  a  few 
terms,  either  used  by  other  writers  in  tmir  descrip- 
tion of  the  sector,  or  such  as  we  may  occasionally 
use  oorselves« 

The  solution  of  questions  on  the  sector  is .  said  to 
be  simpky  when  the  work  is  begun  and  ended  on  the 
same  line;  compound^  when  the  operation  begins  on 
one  line,  and  is  finished  on  the  other. 

The  operation  varies  also  by  the  manner  in  whicR 
the  compasses  are  applied  to  tlie  sector^     If  a  mea- 
sure be  taken  on  any  of  the  sectoral  lines,  begin- 
i_  nitig  at  the  centre,  it  is  called  a  lateral  distance. 

But  if  the  measure  be  taken  from  any  point  in  one 
line,  to  its  corresponding  point  on  the  line  of  the 
same  denomination,  on  the  other  leg,  it  is  called  a 
transverse  or  parallel  distance. 

The  divisions  of  each  sectoral  line  are  bounded 
by  three  parallel  lines;  the  innermost  of  these  is^ 
that  on  which  the  points  of  the  compasses  are  to 
be  placed,  because  this  alone  is  tlie  Ime  which 
goes  to  the  centre,  and  is  alone,  therefore,  the  sec- 
toral line. 

We  shall  now  proceed  to  give  a  few  general  in- 
stances of  the  manner  of  operating  with  the  sector, 
and  then  proceed  to  practical  geometry,  exemplify- 
ing its  use  further  in  the  progress  of  die  work,  as 
occasion  ofiers. 

Multiplication  by  the  line  of  lines.     Make  the 
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lateral  distance  of  one  of  the  factors  the  parallel  dis-* 
tance  of  10 ;  then  the  parallel  distance  of  the  other 
factor  is  tlie  product 

Example.  Multiply  5  by  6,  extend  the  com<> 
passes  from  the  centime  of  the  sector  to  9  on  the 
primary  divisions,  and  open  the  sector  till  this  dis- 
tance become  the  parallel  distance  from  10  to  10 
on  the  same  divisions;  then  the  parallel  distance 
from  6  to  6,  extended  from  the  centre  of  the  sector^ 
shall  reach  to  3^  which  is  now  to  be  reckoned  30. 
At  the  same  opening  of  the  sector,  the  parallel  dis- 
tance of  7  shall  reach  from  the  centre  to  35,  that  of 
8  shall  reach  from  the  centre  to  40,  &c. 

Division  by  the  line  of  lines.  Make  the  lateral 
distance  of  the  dividend  the  parallel  distance  of 
the  divisor,  the  parallel  distance  of  10  is  the  quo* 
tient.  Thus,  to  divide  30  by  5,  make  the  lateral 
distance  of  30,  viz.  3  on  tlie  primary  divisions,  the 
parallel  distance  of  5  of  the  same  divisions ;  then 
the  parallel  distance  of  10,  extended  fix>m  the  centre^ 
shall  reach  to  6. 

Proportion  by  the  Hne  of  lines.  .  Make  the  lateral 
distance  of  the  second  term  the  |)arallel  distance  of 
the  first  term ;  the  parallel  distance  of  the  third  term 
is  the  fourth  proportional. 

Example.  To  find  a  fourth  proportional  to  8,  4, 
and  6,  take. the  lateral  distance  of  4,  and  make  it  the 
parallel  distance  of  8  ;  then  the  parallel  distance  of 
6,  extended  from  the  centre,  shall  reach  to  the 
fourth  proportional  3, 

In  the  same  manner  a  third  proportional  is  found 
to  two  numbers.  Thus,  to  find  a  third  propor- 
tional to  8  and  4,  the  sector  ipemaining  as  in  the 
fcrmer  example,  the  parallel  distance  of  4,  extended 
from  the  centre,  shall  reach  to  the, third  proppcf^ 
tional  2.  In  all  these  cases,  if  the  number  to  be 
made  a  parallel  distance  be  too  great  for  the  sector, 
some  aliquot  part  of  it  is  to  be  taken,  and  the  an* 
swer  multipli^  by  the  number  by  which  the  first 
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numbftr  wfitB  divided.  *  Thur,  if  it  were  tieqtiired  to 
find  a  fourth  proportional  to  4,  8,  and  € ;  because 
the  lateral  distance  of  the  second  term  8  cannot  be 
made  the  parallel  distance  of  the  first  term  4,  take 
the  lateral  distance  of  4,  viz.  the  half  of  8,  and 
make  it  the  parallel  distance  of  the  first  term  4 ; 
then  the  parallel  distance  of  the  third  term  6,  shall 
reach  from  the  centre  to  6,  viz.  the  half  of  12.  Any 
other  aliquot  part  of  a  number  may  be  used  in  the 
same  way.  In  like  manner,  if  the  number  proposed 
be  too  small  to  be  made  the  parallel  distance,  it  may 
be  multiplied  by  some  number,  and  the  answer  is  to 
be  divided  by  the  same  number. 

To  protract  singles  by  the  line  of  Chords.  Case  1 . 
When  the  given  degrees  are  under  6o.  1.  With 
any  radius  A  B,  Jig.  14,  plate  3,  on  A  as  a  centrej 
describe  the  arch  B  G.  2.  Make  the  same  radius  a 
transverse  distance  between  6o  and  6o  on  the  line  of 
chords.  3.  Take  out  the  transverse  distance  of 
the  given  degrees,  and  lay  this  on  the  arch  from  B 
towards  G,  which  will  mark  out  the  angular  dis<- 
tance  required. 

Case  2.  When  the  given  degrees  are  more  than 
60.  1  •  Open  the  sector,  and  describe  the  arch  as 
before.  2.  Take  -J-  or  4-  of  the  given  degrees,  and 
take  the  transverse  distance  of  this  4-  ^^  -ry  ^^^  '*y 
it  off  from  B  towards  G,  twice,  if  the  degrees  were 
halved,  three  times  if  the  third  was  used  as  a  trans* 
verse  distance. 

Case  3.  When  the  required  angle  is  less  than  5 
degrees;  suppose  3.  1.  Open  the  sector  to  the 
given  radius,  and  describe  the-  arch*  a«  beforew 
2.  Set  off  the  radius  from  B  to  C.  3.  Set  ofi*  the 
chord  of  57  degrees  backwards  from  C  to  f,  which 
will  give  the  arc  f  B  of  three  degrees. 
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TANGENTS,  AND  SECANTS.* 

Given  the  radius  of  a  circle^  (suppose  equal  to  two 
inches  J )  required  the  sine  and  tangtnt  of  28°  30'  to 
that  radius. 

Solution.  Open  the  sector  so  that  the  trans- 
verse distance  of  QO  and  90  on  the  sines,  or  of  45 
and  45  on  the  tangents,  may  be  equal  to  the  given 
radius,  viz.  two  inches;  then  will  the  transverse  dis-- 
tance  of  38°  30",  taken  from  the  sines  be  the  length 
of  that  sine  to  the  given  radius ;  or  if  taken  from  the 
tangents,  will  be  the  length  of  that  tangent  to  the 
given  radius. 

But  if  the  secant  of  2S^  3(f  was  required? 

Make  the  given  radius,  two  inches,  a  transverse 
distance  to  O  and  O,  at  the  beginning  of  the  line  of 
secants ;  and  then  take  the  transverse  distance  of  the 
degrees  wanted,  viz.  28®  30'. 

A  tangent  greater  than  45°  (suppose  6(f)  is  found 
thus. 

Make  the  given  radius,  suppose  two  inches,  a 
transverse  distance  to  45  and  45  at  the  beginning 
of  the  scale  of  upper  tangents;  and  then  the 
required  number  60''  may  be  taken  from  this  scale. 

The  scales  of  upper  tangents  and  secants  do  not 
run  quite  to  76  degrees;  and  as  the  tangent  and 
secant  may  be  sometimes  wanted  to  a  greater 
number  of  degrees  than  can  be  introduced  on  the 
sector,  they  may  be  readily  found  by  the  help  of  the 
annexed  table  of  the  natural  tangents  and  secants 
of  the  degrees'  above  Jh;  the  radius  of  the  circle 
being  unity. 

^  BoberUoa  on  Mathematieal  Instnusents. 
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Degrees. 

Nat,  Tangent, 

Nat.  Secant. 

76 

4,011 

4,135 

77 

4,331 

4,445 

78 

4.701 

4,810 

79-  . 

5,144 

5,241 

80 

5,671 

5.759 

81 

6,314 

6,392 

82 

7,115 

7,185 

83 

8,144 

8,205 

84 

9,514  ^ 

9,567 

85 

11,430 

11,474 

8a 

14,301 

14,335 

87 

19,081 

19,107 

88 

28,636 

28,654 

89 

57,290 

57,300 

\ 


Measure  the  radius  of  the  circle  used  upon  any 
scale  of  equal  parts.  Multiply  the  tabular  number 
by  the  parts  in  the  radius^  and  the  product  will  give 
the  length  of  the  tangent  or  secant  sought,  to  be 
taken  from  the  same  scale  of  equal  parts. 

Example.  Required  the  length  of  the  tangent 
and  secant  of  80  degrees  to  a  circle^  whose  radius 
measured  on  a  scale  of  25  parts  to  an  inchj  is  47  x 
of  those  parts  ? 


Against  80  degrees  stands 
The  radius  is 


tangent. 

5,071 
47,5 


secant 
5,759 
47,5 


28355 

39697 
22684 


28795 
40313 
23036 


269,3725        273,5525 

So  the  .length  of  the  tangent  on  the  twenty-fifth 
scale  will  be  269^  nearly.  And  that  of  the  secant 
about  2734^. 

Or  thus.    The  tangent  of   any.  number  of  de«» 
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gfees  may  be  taken  from  the  sector  at  once ;  if  the 
radius  of  the  circle  can  be  made  a  transverse  dis« 
iance  to  the  compUmetft  of  those  degrees  on  the 
lower  tangent*  .  . 

Example.  To  find  the  tangent  of  jz  degrees  to 
a  radius  of  two  inches. 

Make  two  inches  a  transverse  distance  to.  12  de« 
grees  on  the  lower  tangents  ;  then  the  transverse 
distance  of  45  degrees  will  be  the  tangent  of  78  de* 
grees: 

In  like  manner  the  secant  of  any  number  of  de^ 
grees  may  be  taken  from  the  sines,  if  the  radius  of 
the  circle  can  be  made  a  transverse  distance  to  the 
co-sine  of  those  degrees.  Thus  making  two  inches 
a  transverse  distance  to  the  sine  of  12  decrees  ;  then 
the  transverjse  distance  of  QO  and  90  will  be  the  se- 
cant of  78  degrees. 

From  hence  it  will  be  easy  to  find  the  degrees 
answering  to  a  given*  line,  expressing  the  length 
of  a  tangent  or  secant,  which  is  too  long  to  be  mea- 
sured on  those  scales,  when  the  sector  is  set  to  the 
given  radius; 

Thus,  for  a  tangent,  make  the  given  line  a  trans« 
verse  distance  to  45  and  45  on  the  loiver  tangents ; 
then  take  the  given  radius,  and  apply  it  to  the  lower 
tangents ;  and  the  degrees  where  it  becomes  a  trans- 
verse distance  is  the  co-tangent  of  the  degrees  an« 
swering  to  the  given  line; 

And  for  a  secant ;  make  the  given  line  a  ti*ans« 
verse  distance  to  QO  and  QO  on  the  sines.  Then 
the  degrees  answering  to  the  given  radius,  applied 
as  a  transverse  distance  on  the  sines,  will  be  the 
co-sine  of  the  degrees  answering  to  the  given  secant 
linci 

Given  the  length  of  the  sine,  tangent^  or  secant  of 
any  degrees;  to  find  the  length  oj  the  radius  to  that 
wWj  tangent  J  or  secant* 

'Make  the  given  length  a  transverse  distance  to  its 
given  degrees  on  its  respective  scale :  then^ 
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In  the  sines.  The  tranverse  di&tanoe  of  90  and  90 
will  be  the  radius  sought. 

In  the  lower  tangents.  The  transverse  distance  of 
45  and  45,  near  the  end  of  the  sector,  will  be  tbt 
radius  sought.. 

In  the  upper  tangents.  The  transverse  distanct 
^  45  and  45,  taken  towards  the  centre  of  the  sector 
on  the  line  of  upper  tangents,  will  be  the  centre 
sought. 

In  the  secant.  The  transverse  distance  of  O  and  O, 
or  the  beginning  of  the  secants,  near  the  centre  of 
the  sector,  will  be  the  radius  sought. 

Given  the  radius  and  any  tine  representing  asine^ 
tangent,  or  secant  \  tojind  the  degrees  correspond* 
ing  to  that  line. 

Solution.  Set  the  sector  to  the  given  radius, 
according  as  a  sine,  or  tangent,  or  secant  is  con-* 
cerned.  > 

Take  the  given  line  between  the  compasses; 
apply  the  two  feet  transversely  to  the  scale  con* 
cerned,  and  slide  the  feet  along  till  they  both  rest  on 
like  divisions  on  both  legs ;  then  will  those  divisions 
shew  the  degrees  and  parts  corresponding  to  the 
given  line. 

Tojindthe  length  of  a  versed  sine  to  a  given  num- 
ber  of  degrees^  and  a  given  radius. 

Make  the  transverse  distance  of  QO  and  QO  on  the 
sines,  equal  to  the  given  radius. 

Take  the  transverse^  distance  of  the  sine  comple- 
ment of  the  given  degrees. 

If  the  given  degrees  are  less  than  90,  the  difierence 
between  the  sine  complement  and  the  radius  gives 
the  versed  sine. 

Ifthe  given  degrees  are  more  than  90,  the  sum  of 
the  sine  complement  and  the  radius  gives  the  versed 
sine. 

To  open  the  legs  of  the  sector;  so  that  the  corres^- 
ponding  double  scales  of  lines,  chords,  sines,  and' 
tangentSj  may  make  each  a  right  angle. 
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*  On  the  lines i  make  the  lateral  distance  10^  a 
distance  between  eight  on  one  leg,  and  six  on  the 
9ktber  leg. 

,  On  the  sinee^  make  the  lateral  distance  90,  a  trans- 
verse distance  from  45  to  45  ;  or  from  40  to  50 ;  or 
from  *dp  to  60 ;  or  from  the  sine  of  any  degrees  to 
their  Gompl«[nent. 

Or  &n  the  sines,  make  the  lateral  distance  of  45  a 
transverse  distance  between  30  and  30. 

SELECT  OSOMETKICAL   PKOBhBMS. 

Science  may  suppose,  and  the  mind  conceive 
things  as  possible,  and  easy  to  be  effected,  in  which 
art  and  practice  often  find  insuperable  difficulties. 
^  Pure  science  has  to  do  only  with  ideas ;  but  in 
the  application  of  its  laws  to  the  use  of  lifg,  w^  are 
constrained  to  submit  tp  the  imperfections  of  matter 
and  the  influence  of  accident.''  Thus  practical  geo-* 
metry  shews  how  to  perform  what  theory  supposes ; 
in  the  theory,  however,  it  is  sufficient  to  have  only 
ft  right  conception  of  the  objects  on  which  the  de* 
monstrations  are  founded  ;  drawings  or  delineations 
being  of  no  further  use  than  to  assist  the  imagina* 
tion,  and  lessen  the  exertions  of  the  mind«  But  in 
practical  geometry,  we  not  only  consider  the  things 
as  possible  to  be  effected)  but  are  to  te&ich  the  ways^ 
the  instruments,  and  the  operations  by  which  they 
may  be  actually  performed.  It  is  not  sufficient  here 
to  shew,  that  a  right  line  may  be  drawn  between 
two  points,  or  a  eircle  described  about  a  centre,  and 
then  demonstrate  their  properties;  but  we  4[nust 
actually  delineate  them,  and  exhibit  the  figures  to 
the  senses :  and  it  will  be  found,  that  the  drawing 
of  a  straight  line,  which  occurs  in  all  geometrical 
operations,  and  which  in  theory  is  conceived  as  easy 
to  be  efected,  is  in  practice  attended  with  conside*^ 
inMe  difficulties. 

•  T^  draw  a  straight  line  between  two  points  upoft 
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a  plane,  we  lay  a  rule  so  that  the  straight  edgtf 
thereof  may  just  pass  hy  the  two  poiats ;  then  mov^ 
in^  a  fine  pointed  needle^  or  drawing  pen,  along 
this  edge,  we  draw  ^  line  from  one  point  to  the  other, 
which  for  common  purposes  is  sufficiently  exact; 
but  where  great  accuracy  is  required,  it  will  be 
found  extremely  difficult  to  lay  the  rule  equally, 
with  respect  to  both  the  points,  so  as  not  to  be 
nearer  to  one  point  than  the  oth^r.  It  is  difficult 
also  so  to  carry  the  needle  or  pen,  that  it  shall  nei- 
ther incline  more  to  one  side  than  the  other  of  the 
rule ;  and  thirdly,  it  is  very  difficult  to  find  a  rule 
that  shall  be  perfectly  straight.  If  the  two  points  be 
very  far  distant,  it  is  almost  impossible  to  draw  the 
line  with  accuracy  and  exactness.;  a  circular  line 
may  be  described  more  easily^  and  more  exactly^ 
than  a  straight,  or  any  other  line,  though  even  then 
many  difficulties  occur,  when  the  circle  is  required 
to  be  of  a  large  radius. 

It  is  from  a  thorough  consideration  of  these  dif« 
ficulties,  that  geometricians  will  not  allow  those 
lines  to  be  geometrical^  which  in  their  description 
require  the  sliding  of  a  point  along  the  edge  of  a 
rule,  as  in  the  ellipse,  and  several  othec:  curve 
lines,  whose  properties  have  beeOs^as  fully  investi-^ 
gated,  and  as  clearly  demonstrated,  as  those  of  the 
circle. 

From  hence  also  we  may  deduce  some  of  those 
maxims  which  have  been  introduced  into  practice 
by  Bird  and  Smeaton,  which  will  be  seen  in  their 
proper  place«  And  let  no  one  consider  these  reflec- 
tions as  the  effect  of  too  scrupulous  exactness,  or  as 
an  unnecessary  aim  at  precision  ;  for  as  the  founda- 
tion of  all  our  knowledge  in  gepgraphy,  naviga- 
tion and  astronomy,  is  built  on  observation,  and  all 
observations  are  made  with  instruments,  it  follows^ 
that  the  truth  of  the  observations,  and  the  accuracy 
of  the  deductions  therefrom,  will  principally  depend 
on  the  exactness  with  which  the  instruments  are 
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imtde  and  divided ;  and  that  these  sciences  will  ad# 
Tffnce  in  proportion  as  those  are  less  difficult  in  their 
use^  and  more  jperfect  in  the  performance  of  their  re* 
^pective  operations.       * 

There  is  scarce  any  thing  which  proves  more 
elearly  the  distinction  between  mind  and  body,  and 
the  superiority  of  the  one  over  the  other,  than  a  re- 
flection on  the  rigid  exactness  of  speculative  geo* 
metry,  and  tlie  inaccuracy  of  practice,  that  is  not 
directed  by  theory  on  one  hand^  and  its  approxima- 
tion to  perfection  on  the  other,  when  guided  by  a  just 
•Uieory, 

In  theory,  most  figures  may  be  measured  to  an 
almost  infinite  exactness,  yet  nothing  can  be  more 
inaccurate  and  gross,  than  the  ordinary  methods  of 
mensuration;  but  an  intelligent  practice  finds  a 
medium,  and  corrects  the  imperfection  of  our  me- 
dianical  organs,  by  the  resources  of  the  mind.  If 
we  were  more  perfect,  there  would  be  less  room  for 
the  exertions  of  our  mindy  and  our  knowledge  would 
be  less. 

If  it  had  been  easy  to  measure  all  things  with 
exactness,  we  should  have  been  ignorant  of  many 
curious  properties  in  numbers,  and  been  deprived 
of  the  advantages  we  derive  from  logarithms,  sines, 
tangents,  &c.  If  practice  were  perfect,  it  is  doubt- 
ful whether  wc  should  have  ever  been  in  possession 
of  theory, 

'  We  sometimes  consider  with  a  kind  of  envy,  the 
mechanical  perfection  and  exactness  that  is  to  be 
found  in  the  works  of  some  animals ;  but  this  per- 
fection which  does  honour  to  the  Creator,  does  little 
to  them ;  they  are  so  perfect^  only  because  they  arc 
leasts. 

The  imperfection  of  our  organs  is  abundantly  made 
up  by  the  perfection  of  the  mind,  of  which  we  are 
purselves  to  be  the  artificers/ 

If  any  wish  to  see  the  difficulties  of  rendering 
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practice  as  perfect  as  theory,  and  the  wonderful  k« 
sources  of  the  mind,  in  order  to  attain  this  degree  of 
perfection,  lethioi  consider  the  operations  of  General 
Roy,  at  Hounslow-heath  ;  operations  that  eaoiiot  bO; 
too  much  considered,  nor  too  much  praised  by  ^very 
practitioner  in  the  art  of  geometry.  See  Fhilo^oph.* 
Trans,  vol.  80,  et  seq* 

Problem  l .  To  erect  a  perpendicular  at  or  near 
the  end  of  a  given  right  line,  C  D^Jig.  5,  plate  4.  - 

Method  I.  On  C,  with  the  radius  C  D,  describe 
a  faint  arc  ef  on  D ;  with  the  same  radius,  crotw 
€y  at  G ;  on  G  as  a  contre,  with  the  same  radiusy 
describe  the  arc  D  E  F;  set  off  the  extent  D  G  twice, 
that  is  fiom  D  to  £,  and  from  £  to  F.  Join  the- 
points  D  and  F  by  a  right  line,  and  it  will  be  the 
perj^endicular  required. 

Method  2,  Jig,  5.    On  any  point  G,  with  the 
radius  D  G,   describe  an  arc  F£D:  then  a  rule 
laid  on  C  and  G,  will  cut  this  arc  in  F,  a  line  join* 
ing  the  points  F  and  D  will  be  the  required  perpen-  • 
dicular. 

Method  3.  1 .  From  the  point  C,fg.  6,  plate  4, 
with  any  radius  describe  the  arc  mm,  cutting  the 
line  A  C  in  r.  2,  From  the  point  r,  with  the  same 
radius,  cross  the  arc  in  n,  and  from  the  point  n^ 
cross  it  in  m.  3.  From  the  points  n  and  m,  with, 
the  same,  or  any  other  radius,  describe  two  arcSi 
cutting  each  other  in  S.  4.  Through  the  points  S« 
;ind  C,  draw  the  line  iS  C^  and  it  will  be  the  perpen- 
dicular required. 

Method  4.  By  the  Vine  of  lines  on  the  sector^fg.  7r 
plate  4.  1.  Take  the  extent  of  the  given  line  AC. 
2.  Open  the  sector,  till  this  extent  is  a  transverse 
distance  oetween  8  and  8.  3.  Take  out  the  trans* 
verse  distance  between  6  and  6,  and  from  A  with 
that  extent  sweep  a  faint  arc  at  B.  4.  Take  out 
the  distance  between  10  and  10,  and  with  it  from 
C>  crcea  th^  fbrnier  arc  at  B*    5.  A  line  drawn 


IN  GEOMETRY.  5$ 

throuffh  A  and  B,  will  be  the  perpendicular  re- 
quired; the  numbers  69  8^  10^  are  used  as  multiplea 
of  3,  4,  5. 

By  this  method,  a  perpendicular  may  be  easily  and 
accurately  erected  on  the  ground. 

Method  5.  Let  A  C.Jig,  7j  plate  4,  be  the  given 
line,  and  A  the  given  point.  1.  At  any  point  D, 
with  tlie  radius  D  A,  describe  the  arc  £  AB.  2.  With 
a  rule  on  £  and  D,  cross  this  arc  at  B.  3.  Through 
A  and  B  draw  a  right  line,  and  it  will  be  the  required 
perpendicular. 

Problem  2.  To  raise  a  perpendicular  from  the 
middle^  or  any  other  point  G^  of  a  given  line  A  B^ 
^.  8,  plate  4. 

1.  On  G,  with  any  convenient  distance  Within 
the  limits  of  the  line,  mark  or  set  off  the  points  n 
and  m.  2.  From  n  and  m  with  any  radius  greater 
than  G  A,  describe  two  arcs  intersecting  at  C. 
3.  Jom  C  G  by  a  line^  and  it  will  be  the  perpendi- 
cular required. 

Problem  3.  From  a  given  point  C,  Jig*  8, 
plate  4,  out  of  a  given  line  A  B,  to  let  fall  aperpen^ 
4icular. 

When  the  point  is  nearly  opposite  to  the  middle 
of  the  line,  this  problem  is  the  converse  of  the  pre- 
ceding one.  Therefore,  1.  From  C,  with  any  ra* 
dius,  describe  the  arc  n  m*  2.  From  m  n,  with 
the  same,  or  any  other  radius,  describe  two  arcs  in* 
tersecting  each  other  at  S.  3.  Through  the  points 
C  S  draw  the  line  C  S^  which  will  be  the  required 
line. 

When  the  point  is  nearly  opposite  to  the  end  of 
the  line,  it  is  the  converse  of  Method  5,  Problem  1^ 
Jg*  7,  plate  4. 

1  •  Draw  a  faint  line  through  B,  and  any  conve« 
Bient  point  £,  of  the  line  A  (X  2.  Bisect  this  line 
atD.  3.  From  I)  with  the  radius  D£^  describe 
an  arc  cutting  A  C  at  At    4.  Through  A  and  B 
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-  draw  the  line  A  B,  and  it  will  be  the  perpendicular 
required. 

Another  method..  1.  From  A,^g.  Q,  pl^tc  4,  or 
any  other  point  in  A  B,  with  the  radius  A  C,  de7 
scribe  tjie  ^rc  CD.  2.*  Frpm  any  other  point  n, 
with  the  radius  n  C,  describe  another  arc  cutting  th^ 
former;in  C  and  D.  3.  Join  thepoipt  C  D  by  a  line 
C  G  D,  and  C  G  will  be  the  perpendicular  required. 

Problem  4.  Through  a  given  point  C,  to  draw 
a  line  parallel  to  a  given  straight  line  AB,  j%.  10, 
plate  4. 

] .  On  any  point  D,  (within  the  given  line,  or 
without  it,  and  at  a  convenient  distance  from  C,)  de- 
scribe an  arc  passing  through  C,  and  cutting  the 
given  line  in  A.  2.  With  the  same  radius  describe 
another  arc  cutting  A  B  at  B.  3.  Make  BE  equal 
^o  AC.  4.  Draw  a  line  C  E  through  the  point  G 
and  E,  and  it  will  be  the  required  parallel. 

This  problem  answers  whether  the  j-equired  line  is 
to  be  near  to,  or  far  from  the  given  line  {  or  whether 
the  point  D  is  situated  on  AB,  or  any  where  be- 
tween it  and  the  required  line. 

Problem  5.  j4t  the  given  point  D,  to  make  an 
angle  equal  to  a  given  angle  ABC,  fig.  12,  plate  4'i 

1.  From  B,  with  any  radius,  describe  the  art 
n  m,*^  cutting  the  legs  B  A,  B  C,  in  the  points 
h  and  m'.  ^.  Draw  the  line  Dr,  and  from  thb 
point  D,  with  the  same  radius  as  before,  describe 
the  arc  rs,  3.  Jake  the  distance  mn,  and  apply 
it  to  the  arc  r  s,  from  r  to  s.  4.  Through  the 
points  D  and  s  draw  the  line  D  s,  and  the  angle 
r  D  s  will  be  equal  to  the  angle  m  B  n,  or  A  B  €  as 
required,      ' 

Problem  6.  To  extend  with  accuracy  a  short 
straight  line  to  any  assignable  length  ;  or^  through 
two  givenpoints  at  a  small  distancefrom  each  other 
to  draw  a  straight  line. 

It  frequently  happens  that  a  line  as  short  as  that 
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f>etween  A  and  B,  j%.  1 1,  plate  Ay  is  required  to  b^ 

extended  to  a  considerable  let^h^  which  is  scarce  i 

attainable  by  the  help  of  a  rule  alone;   but  may  be 

Ejrformed  by  means  of  this  problem,  witljout  error, 
et  the  given  line  be  A  B,  or  the  two  points  A  and 
*B ;  then  from  A  as  a  centre,  describe  an  arch  C  B  D ;  i 

and  from  the  point  B,  lay  oflFB  C  equal  toB  D;  and 
from  C  and  D  as  centres,  with  any  radius,  describe 
two  arcs  intersecting  at  E.  From  the  point  A  de- 
scribe the  arc  PEG,  making  E F  equal  to  £ G $ 
then  from  F  and  G  as  centres,  describe  two  arcs 
intersecting  at  H,  and  so  on :  then  a  straight  line 
from  B  drawn  through  E  will  pass  in  continuation  . 
through  H,  and  in  a  similar  manner  the  line  may 
be  extended  to  any  assignable  length* 

or  THE   pmSIO^   OF   STRAIGHT  LINES. 

Problem  7-  To  bisect  or  divide  a  given  straight 
line  A  B  into  two  equal  part s^  Jig.  13,  plate  4. 

1.  On  A  and  B  as  centres,  with  any  radius  greater 
than  half  A  B,  describe  arcs  intersecting  each  other  ' 

at  C  and  D.  2.  Draw  the  line  C  D,  and  the  point 
F,  where  it  cuts  A  B,  will  be  the  middle  of  the 
line. 

If  the  line  to  be  bisected  be  near  the  extreme  edge 
of  any  plane,  describe  two  pair  of  arcs  of  different 
radii  above  the  given  line,  as  at  C  and  E ;  then  aline 
.C  produced,  will  bisect  A  B  in  Fr 

By  the  line  of  lines  on  the  sector.  1.  Take  AB 
in  the  compasses.  2.  Open  th«  sector  till  this  extent 
is  a  transverse  distance  between  10  and  ]0.  3.  The 
extent  from  5  to  5  on  the  same  line,  set  off  from  A 
or  B,  gives  the  half  required :  by  this  means  a  given 
line  may  be  readily  divided  into  2,  4,  8,  l6,  32,  Qa^ 
128,  &c.  equal  parts. 

Problem  8.  To  divide  a  given  straight  line  A  B 
J7ito  any  number'  of  equal  ^arts^  for  instance,  Jive. 
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Method  ^^Jig-  14^  plate  4.  1.  Through  A>  one 
extremity  of  the  line  A  B,  draw  AC,  making  any 
angle  therewith.  2.  Set  off  on  this  line  from  A  to 
H  as  many  equal  parts  of  any  length  as  A  B  is  to 
be  divided  into.  .  3.  Join  HB.  4.  Parallel  toHB 
draw  lines  through  the  points  D,  E,  F,  G,  and  these 
will  divide  the  line  A  B  into  the  parts  required. 

Second  method^  Jig.  15,  plate  4.  i.  Through  B 
draw  L  D,  formipg  any  angle  with  A  B.  2.  Take 
any  point  D  either  above  or  below  A  B^  and  through 
D,  draw  D  K  parallel  to  A  B.  3.  On  D  set  off  five 
equal  parts  D  F,  F  G,  G  H,  H  I,  I  K.  4.  Through 
A  and  K  draw  A  K^  cutting  B  D  in  L.  5.  Lines 
drawn  through  L^  and  the  points  F^  G,  H,  I^  K, 
will  divide  the  line  A  B  into  the  required  number 
of  parts. 

Third  method,  Jig.  1 7>  plate  4.  1 .  From  the  ends 
of  the  line  A  B,  draw  two  lines  A  C,  B  D,  parallel 
to  each  other.  2.  In  each  of  these  lines,  beginning 
at  A  and  B,  set  off  as  many  equal  parts  less  one,  as 
A  B  is  to  be  divided  into,  in  the  present  instance 
four  equal  parts,  A  I,  I K,  K  L,  L  M,  on  A  C ;  and 
four,  B  E,  E  F,  F  G,  GH,  on  B  D.  3.  Draw  linep 
from  M  to  E,  from  L  to  F,  K  to  G,  I  to  H,  and 
AB  will  be  divided  into  five  equal  parts* 

Fourth  method^  Jig.  1 6,  plate  4.  i.  Draw  any  two 
lines  C  E,  D  F,  parallel  to  each  other.  2.  Set  off 
OQ  each  of  these  lines,  beginning  at  C  and  D,  any 
number  of  equal  parts.  3.  Join  each  point  in  CE 
with  its  opposite  point  in  D  F.  4.  Take  the  extent 
of  the  given  line  in  your  compasses.  5.  Set  one  foot 
o£  the  compasses  opened  to  this  extent  in  D,  and 
move  the  other  about  till  it  crosses  N  G  in  I.  6. 
Join  D  I^  which  being  equal  to  A  B  transfer  the 
divisions  of  D  I  to  A  B,  and  it  will  be  divided  as 
required.  H  M  is  a  line  of  a  different  length  to  be 
divided  in  the  same  number  of  parts. 

The  foreeoinc  Kkethods  ave  introdmed  on*  aecoua* 
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not  only  of  their  own  peculiar  advanta^,  but  be^^ 
cause  they  also  are  the  rouiidatio&  of  several  mecha* 
nical  methbds  of  division. 

Problem  9.    To  cut  off  from  a  given  lint  A  B 
any  odd  party  as  4-rf,  \thy  ^thy  ^th,  8^c.  of  that  Une^ 
Jig.  1 8,  plate  4. 

1.  Draw  through  either  end  A,  a  line  A  C,  form- 
ing any  angle  with  A  B.  2.  Make  A  C  equal  to 
A  B.  3.  Through  C  and  B  draw  the  line  C  D.  4. 
Make  B  D  equal  to  C B.  b.  Bisect  AC  in  a.  6. 
A  rule  on  a  and  D  will  cut  o£f  aB  equal  -^d  of 
AB. 

If  it  be  required  to  divide  A  B  into  iBve  equal  parts. 
1.  Add  unity  to  the  given  number,  and  halve  it^ 
5+1  =  6,  4  =  3.  2.  Divide  A  C  into  three  parts; 
or,  as  A  B  is  equal  to  A  C,  set  oiF  A  b  equal  A  a.  3. 
A  rule  on  D,  and  b  will  cut  oflFb  B  4-th  part  of  A  B. 
4.  Divide  A  b  into  four  equal  parts  by  two  bisections^ 
and  AB  will  be  divided  into  five  equal  parts. 

To  divide  A  B  into  seven  equal  parts,  7+1=8, 
4  =:  4.  1 .  Now  divide  A  C  into  four  parts,  or  bi- 
sect a C  in  c,  and  c C  will  be  the  -^th oi  AC.  2.  A 
rule  on  c  and  D  cuts  off  c  B  -f  th  of  A  B.  3.  Bisect 
A  c,  and  the  extent  c  B  will  divide  each  half  into 
three  equal  parts,  and  consequently  the  whole  ]in« 
into  seven  equal  parts. 

To  divide  AB  into  nine  equal  parts,  9  +  1  =  10 
V  =  d*  Here,  1.  Make  A  d  equal  to  A  b,  and  d  C 
will  be 4-th  of  AC.  2.  A  rule  on  D  and  d  cuts  oflT 
d  B  -i^  of  A  C.  3.  Bisect  A  d.  4.  Halve  each  of 
these  bisections,  and  A  d  is  divided  into  four  equal 
parts.  5.  The  extent  d  B  will  bisect  each  of  these, 
and  thus  divide  AB  into  nine. equal  parts. 

If  any  odd  number  can  be  subdivided,  as  9  by  3, 
then  first  divide  the  given  line  into  three  parts,  and 
take  the  third  as  a  new  line,  and  find  the  third  there- 
of as  before,  which  gives  the  ninth  part  required. 

Method  2.  Let  D  B^fg.  1 9,  plate  4,  be  the  given 
)i|ie,    1 1  Mak^  tviro  ^quiktem    triangles  A  D  B^ 
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C  D  B,  one  on  each  side  of  the  line  D  B.  2.  Bisect 
AB  in  G.  3.  Draw  C  G,  which  will  cut  off  H  B 
equal  4d  of  DB.  4.  Draw  DF,  and  make  GF 
equal  to  D  G.  6.  Draw  H  F  which  cuts  off  B  h 
equal  4-  of  AB  or  D  B.  6*  C  h  cuts  D  B  in  i  one 
fifth  part.  7.  Fi  cuts  AB  in  k  equal  «i.th  of  D  B. 
8.  C  k  cuts  D  B  in  I  equal  |th  of  D  B.  Q.  F I  cuts 
AB  in  ni  equal  -f  of  D  B.  10.  Cm  cuts  DB  at 
p  equal  ^th  part  thereof. 

Method  3.  Let  A  Bjfg.  12,  plate  5,  be  the  given 
line  to  be  divided  into  its  aliquot  parts  ^y  4.,  4.  1. 
On  A  B  erect  the  square  A  B  C  D.  3.  Draw  the 
two  diagonals  AC,  D  B,  which  will  cross  each  other 
at  E.  3.  Through  E  draw  F  E  G  parallel  to  AD, 
cutting  A  B  in  G.  4.  Join  D  G,  and  the  line  will 
cut  the  diagonal  AC  at  H.  5.  Through  H  draw 
I II  K  parallel  to  A  D.  6.  Draw  D  K  crossing  A  G 
in  L.  7-  And  through  L  draw  M  L  N  parallel  to 
A  D,  and  so  proceed  as  far  as  necessary.  A  G  is  -i^, 
AKi,ANiofAB.* 

Method  4.  Let  A  B,  jf^.  13,  plate  5,  be  the  given 
line  to  be  subdivided.  1.  Through  A  and  B  draw 
CD,  FE  parallel  to  each  other.  2.  Make  CA, 
A  D,  F  B,  B  £,  equal  to  each  other.  3.  Draw  C  E, 
which  shall  divide  A  B  into  two  equal  parts  at  G. 

4.  Draw  A  E,  D  B,  intersecting  each  other  at  H. 

5.  Draw  C  H  intersecting  A  B  at  I,  making  A  I  -^d 
of  A  B.  6.  Draw  D  F  cutting  A  E  in  K.  7.  Join 
C  K,  which  will  cut  A  B  in  L,  making  A  L  equal  4. 
of  AB.  8.  Then  draw  Dg/ cutting  AE  ii*  M, 
and  proceed  as  before. 

Corollary.  Hence  a  given  line  may  be  accu- 
rately divided  into  any  prime  number  whatsoever,  by 
first  cutting  off  the  odd  part,  then  dividing  tlie  re- 
mainder by  continual  bisections. 

Problem  10.  j4n  easy,  simple j  and  very  useful 
pethod  of  laying  down  a  scale  Jor  dividing  lines  int% 

*  Hooke'0  PojsthuQious  Worki^ 


.  Division  op  ctraight  unesV  <J^ 

tny  number  of  equal  parts,  or  for  reducing  plans  to  i 

afiy  size  less  than  the  original. 

'    If  the  scale  is  for  dividing  lines  into  two  equat 

parts,  constitute  a  triangle,  so  that  the  hypothenuseT 

may  be  twice  the  length  of  the  perpendicular.     Let 

it  be  three  times  for  dividing  them  into  three  equal 

parts;  four,  for  four  parts,  and  so  on :  ^g.  11,  plate 

j5,  represents  a  set  of  triangles  so  constituted. 

To  find  the  third  of  the  line  by  this  scale.  !• 
Take  any  line  in  your  compasses,  and  set  off  this  ex- 
tent from  A  towards  ^,  on  the  line  marked  one-third ; 
then  close  the  compasses  so  as  to  strike  an  arc  that 
shall  touch  the  base  A  C,  and  this  distance  will  be 
the  ■{-  of  the  given  line.  JSimilar  to  this  is  what  is 
termed  the  angle  of  reduction,  or  proportion,  de- 
scribed by  some  foreign  writers,  and  which  we  shall 
introduce  in  its  proper  place. 

Problem  ii.  To  divide  by  the  sector  a  given 
straight  line  into  any  number  of  equal  parts. 

Case  1.  Where  the  given  line  is  to  be  divided 
into  a  number  of  equal  parts  that  may  be  obtained 
by  a  continual  bisection. 

In  this  case  the  operations  are  best  performed  by 
continual  bisection ;  let  it  be  required  to  divide  A  B, 
jig.  Qy  plate  5,  into  l6  equal  parts.  1.  Make  AB 
a  transverse  distance  between  10  and  10  on  the  line  • 
of  lines.  !2.  Take  out  from  thence  the  distance 
between  5  and  5,  and  set  it  from  A  or  B  to  8,  and 
A  B  will  be  divided  into  two  equal  parts.  3.  Make 
As  a  transverse  distance  between  10  and  10,  and 
4  the  transverse  distance  between  5  and  5,  will  bisect 
8  A,  and  8  B  at  4  and  12 ;  and  thus  A  B  is  divided 
into  four  equal  parts  in  the  points  4,  8,  and  12; 
4.  The  extent  A  4,  put  between  10  and  10,  and 
then  the  distance  between  5  and  5  applied  from  A 
to  2,  from  4  to  6,  from  8  to  10,  and  from  12  to  14, 
will  bisect  each  of  those  parts,  and  divide  the  whole 
line  into  eight  equal  parts.  5.  To  bisect  each  of 
these^  we  might  take  the  extent  of  A  2,  and  plac« 
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it  betwaeir  JO  and  10  as  before;  but  as  the  spaeet 
are  too  small  for  that  purpose^  take  three  of  them  ia 
the  compasses,  and  open  the  8e<;tor  at  lO-andlO, 
96  as  to  accord  with  this  measure.  6.  Take  out  the 
transverse  measure  between  5  and  5,  and  one  foot  of 
the  compasses  in  A  will  give  the  point  3,  in  4  will 
fell  on  7  and  1^  on  8  will  give  5  and  1 1,  on  12^ gives 
Q  and  15,  and  on  B  will  give  13.  Thus  we  have,  in 
a  correct  and  easy  manner  divided  AB  into  l6  equal 
parts  by  a  continual  bisection. 
.  If  |t  were  required  to  bisect  each  of  the  foregoing 
divisions,  it  would  be  best  to  open  the  sector  at  10 
and  10,  with  the  extent  of  five  of  the  divisions  already 
obtained ;  then  take  out  the  transverse  distance  be* 
tween  5  and  5,  and  set  it  off  from  the  other  divisions, 
mnd  they  will  thereby  be  bisected,  and  the  line  divided 
into  32  equal  parts. 

Case  2.  When  the  given  line  cannot  be  divided 
by  bisection. 

Let  the  given  line  be  A  B,  Jig.  7,  plate  5,  *^o  be 
divided  into  14  equal  parts,  a  number  which  is  not  a 
multiple  of  2., 

1 .  Take  the  extent  A  B,  and  open  the  sector  to 
it  on  the  terms  10  and  10,  and  the  transverse  dis- 
tance of  5  and  5,  set  from  A  or  B  to  7 9  will  divide 
A  B  into  two  equal  parts,  each  of  which  are  to  be 
fiubdivided  into  7,  which  may  be  done  by  dividing 
A  7  into  6  and  ],  or4  and  3,  which  last  is  preferable 
to  the  Qrst  as  by  it  the  operation  may  be  finished 
irith  only  two  bisections. 

2.  Therefore  open  the  sector  in  the  terms  7  and  7* 
with  the  extent  A  7 ;  then  take  out  the  transverse 
distance  between  4  and  4,  this  laid  off  from  A,  gives 
the  point  4,  from  7  gives  3  and  1  ] ,  and  from  B 
gives  10. 

3.  Make  A  4  a  transverse  distance  at  10  and  10^ 
then  the  transverse  distance  between  5  and  5  bisects 
A  4,  and  10  B  in  2  ar»d  12,  and  gives  the  point  6 
•ad  § ;  then  one  foot  in  3  gives  1  and  5,  and  from 


11,13  and  9*.  lagtijr,  from  4  it  gives  6,  and  from  10, 8a 
vnod  thus  the  line  A  B  is  divided  into  14  equal  parts.^ 

Problem  12.  To  make  a  scale  of  equal  parti  cofu 
taimng  any  gvoen  number  in  an  inch. 

Example.  To  construct  a  scale  of  feet  and  inohfif 
in  such  a  manner,  that  25  of  the  smallest  parts 
shall  be  equal  to  one  inch,  and  12  of  them  i^present 
one  foot. 

By  the  line  of  lines  on  the  sector.  1  •  Multiply  the 
given  numbers  by  4,  the  products  will  be  100,  and 
48.  2.  Take  one  inch  between  your  compasses,  and 
make  it  a  transverse  distance  between  100  and  100, 
and  the  distance  between  48  and  48  will  be  12  of 
these  25  paits  in  an  inch  ;  this  extent  setoff  from  A 
to  l,^^.  3,  plaU  5,  from  1  to  2,  &c.  to  12  at  B  di- 
vides A  B  into  a  scale  of  12  feet.  3.  Set  off  one  of 
these  parts  from  A  to  a,  tp  be  subdivided  into  13 
parts  to  represent  inches.  4.  To  this  end  divide 
this  into  three  parts;  thus  take  the  extent  A  2  of 
two  of  these  parts,  and  make  it  a  transverse  distance 
between  Q  and  Q.  5.  Set  the  distance  between  6  and 
6  from  b  to  e^  the  same  extent  from  1  gives  g,  and 
from  e  gives  n,  thus  dividing  A  a  into  three  equal 
parts  into  the  points  n  and  g.     6.  By  two  bisec* 

*  The  folloifiDg  is  a  very  simple  method  of  dividing  a  line 
into  any  odd  number  of  equal  parts.  Ride.  As  the  number  that 
tii6  line  is  to  be  divided  into,  is  to  the  length  of  the  line,  so  is 
the  number  of  parts  subtracted,  to  the  inches  and  parts  con- 
tained in  the  line  in  which  they  must  be  divided.  Suppose  a 
^ven  line  to  be  7-[Vths  inches,  or  7,S  in  a  length,  and  the  Ime  re* 
quired  to  be  divided  into  43  parts ;  subtract  the  odd  number  3,  and 
40  wiU  remain.  Then  as  43  :  7,3  inches  ::  3  :  0,51  or  -^^ths  of 
an  inch.  From  the  usual  diagonal  scale  take  in  yoyr  compasses 
51  of  these  parts,  and  cut  6S  that  quantity  on  the  given  line^ 
£vide  that  length  into  3  equal  parts,  and  the  remainder  of  tha 
Jine  into  40,  and  the  whole  line  will  be  divided  into  the  required 
48  equal  parts.  Hence  a  wheel  may  be  divided  into  any  number 
of  teeth,  by  a  slip  of  paper  exacuy  fitted  to  the  edge  of  the 
wheel,  dividing  it  lineally  into  the  required  number,  then 
•tickteg  the  paper  round  th^edge  of  the  wheel*  the  vrheelcaa 
b«  ei^editiOQsly  divided  by  the  miorks  on  the  jpaper.    EpiT. 
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tioiis  each  of  these  may  be  subdivided  into  four  equal 
parts,  and  thus  the  whole  space  into  12  equal  partsa 
•  When  a  small  number  of  divisions  are  required, 
as  I9  2f  or  3,  instead  of  taking  the  transverse  dis-^ 
tance  near  the  centre  of  die  se^itor^  the  division  will 
be  more  accurately  performed  by  using  the  follow-^ 
ing  method; 

Thus,  if  three  parts  are  required»from  A,  of  which 
the  whole  line  contains  90,  make  A  Djjig*  4,  plate  5; 
a  transverse  distance  between  96  and  9O;  then  take, 
the  distance  between  87  and  87,  which  set  off  from 
D  to  £  backwards^  and  A  £  will  contain  the  three 
desired  parts. 

EiVample  2.  Supposing  a  scale  of  six  inches  to 
contain  140  poles,  to  o|)en  the  sector  so  that  it  may 
answer  for  such  a  scale ;  divide  140  by  2,  which 
gives  70,  the  half  of  6  equal  to  3;  because  140 
was  too  large  to  be  set  off  on  the  line  of  lines. 
Make  three  inches  a  transverse  distance  between  70 
and  70,  and  your  sector  becomes  the  required  scale. 

Example  3.  To  make  a  scale  of  seven  inches 
that  shall  contain  180  fathoms;  -^  =  00.  J-  =  3  \i 
therefore  make  34-  a  transverse  between  po  and  QO, 
and  you  have  the  required  scale. 

OF   PROPORTIONAL   LINES. 

Problem  13.  To  cut  a  given  line  A  D,  fg.  I  Ay. 
plate  5,  into  two  unequal  parts  that  shall  have  any 
given  proportion^  e*r.  gr.  of  C  to  Dw 

1.  I)raw  AG  forming  any  angle  with  AD.  2. 
From  A  on  AG  set  off  A C  equal  to  C,  and  C E 
equal  to  D.  3.  Draw  E  D,  and  parallel  to  it  C  B*, 
which  will  cut  A  D  at  B  in  the  required  proportion. 

To  divide  by  the  sector  the  line  A  B,  Jig.  1, 
^late  5,  in  the  proportion  of  3  to  2.  Now  as  T,  and 
2  would  fall  near  the  centre,  multiply  them  by  %y 
thereby  forming  6  and  4,  which  use  instead  of  3  jKfid2. 
As  the  parts  are  to  be  as  ()  to  4>  the  whole  line  will 
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be  10 ;  thereibre  make  A  B  a  transverse  distance  b^ 
tween  10  and  10,  and  then  the  transverse  distance 
between  6  and  6,  set  off  from  B  to  e,  is  ^ths  of  A  B ; 
or  the  distance  between  4  and  4  will  give  A  e  4ths  of 
A  B ;  therefore  A  B  is  cut  in  the  proportion  of  3 
to  2. 

Example  2.  To  cat  A  B,  Jig.  2,  plate  5,  in  the 
proportion  of  4  to  5  ;  here  we  may  use  the  numbers 
themselves  i  therefore  with  A  B  open  the  sector  at 
g  and  9>  the  sum  of  the  two  numbers  ;  then  the  dis-^ 
tance  between  5  and  5  set  off  from  B  to  c,  or  be-" 
(ween  4  and  4,  set  off  A  to  c^  and  it  divides  A  B  ia 
the  required  proportion^ 

Note.  If  the  numbers  be  too  ^mall,  tise  dieir  equi- 
multiples ;  if  too  large,  subdivide  them. 

Corollary.  From  mis  problem  we  obtain  another 
mode  of  dividing  a  straight  line  into  any  number  of 
equal  parts^ 

P&OBLEAi  14.  To  estimate  theproporiion  between 
two  or  more  given  lines,  as  AB,  CD,  £  F^  ^g.  9> 
plate  5. 

Make  A  B  a  transverse  distance  between  10  and 
10^  then  tAe  the  extents  severally  of  C  D  and  1^  F^ 
and  carry  them  along  the  line  of  lines^  till  both  points 
rest  exactly  upon  the  same  number^  in  the  first  it 
will  be  found  to  be  85^  in  the  second  67.  Therefore 
A  B  is  to  C  D  as  100  to  85,  to  £  F  as  100  to  67, 
and  of  C  D  to  £  F  as  85  to  67^ 

Problbm  15.  To  Jind  a  third  proportional  to  two 
^iven  right  lines  A  and  B,  jig.  15^  plate  5< 

1 .  From  the  point  D  draw  two  right  lines  D  £, 
D  F,  making  any  angle  whatever.  2.  In  these  lines 
take  D  G  equal  to  the  first  term  A^  and  D  C,  D  H> 
each  equal  to  the  second  term  B.  3.  Join  G  H,  and 
draw  C  F  parallel  thereto;  then  D  F  will  be  the 
third  proportional  required,  that  is,  D  G  (A)  to  D  C, 
(B,)8oisDH(B)toDF. 

JBy  the  sector.  \.  Make  AB,^g*.  5,  plate  5,  a 
transverse  distance  between  100  and  leo.    a.  Find 

P 


6%,  MOrORTlOKAL  umuL 

the  traasYBrse  disteaee  of  £  F^  which  wppofle  fa 

3.  Make  £  F  a  transveroe  distance  between  ioo  and 
100.  4.  Take  the  extent  between  50  and  dO,  and 
it  will  be  the  thjrd  proportipDal  C  D  reqoired. 

Pfu>9a.SM  11^  Tojfind  a  fourth  prt^^iional  to 
three  given  right  lines  A,  B,  C,  ^g.  10,  plate  5., 

I ,  From  the  point  a  draw  two  right  tinea,  making 
any  angle  whatei^er.  2.  In  these  lines  make  a  b 
equal  to  the  first  term  C,  ac  equal  to  the  second  B» 
and  a  d  equal  to  the  third  A.  S.  Joui  be,  and  draw 
de  parallel  thereto,  and  ae  wiU  be  the  fauth  pp<^ 
portional  required;  tha^  is,  ab  (C)  is  to  a c  (B^) 
so  ia  a  d  (A)  to  a  e,  the  proportional  required- 

By  the  seder.  I .  Make  the  Hne  A  a.tran«verse 
distance  between  100  and  100.  9^  Find  die  trains* 
verse  measure  of  B,  whibh  is  6o.  6.  Make  C  ttie 
third  liJBea  tmnsvierse  measure  between  100  and  100. 

4.  The  measure  between  6o  and  6o  will  be^tfae  fourth 
pmportionaL 

Prorjuem  17*  To Jini  a  mean  pr^ttrtiemal  between 
two  given  straight  lines  A  and  B^^g.  17,  plate  5. 

\l.  Drew  nxy  right  Une,  in  which  take  C  £  equal 
to  A,  and  £  A  equal  to  B.  2.  Bisect  A  €!  in  B,  and 
with  B  A,  or  B  C  as  a  radius,  describe  the  semicircle 
ADC.  3.  From  the  posnt  E  draw  £ G  perpendi- 
cular to  A  C,  and  it  will  be  Ihe  mean  pnqpordonal 
required. 

By  the  sector.  Join  the  lines  together,  (suppose 
them  AO  and  go)  and  get  the  sum  of  them,  130 ; 
then  find  the  half  of  this  sum  65,  and  half  die  dif* 
ference  23«  Open  ttic  lineof  lines,  so  that  the^may 
Jbe  at  right  angles  to  each  other ;  then  take  with  the 
compasses  the  lateral  dietance  65,  and  apply  one  foot 
to  the  half  difierence  (15,  and  the  other  foot  will 
reach  to  6o,  the  mean  proportional  required ;  for  40 
to  6o,  f  o  is  60  to  QO. 

^Problem  18.  To  cut  a  given  UneA  B  intee^tr^me 
and  mean  proportioHy  fig*  18,  plate  5. 

1.  Extend  AJ3  to  C«    2*  At  A  erect  a  perpen^ 


•  • 

adic«kr  AD^  Md  miift  it  ^ttatUD  AB.  3.  Set  the 
lialfofADorABfromAtoP.  4.  With  flu^  radkls 
FB  ifescribt  the  arc  BH,  and  AB  will  bt  divided 
into  eKtMme  and  ttiewa  proportioti.     AO  ii  tfato 

^  jBjf  the  ^c00r.  Make  A  B  m  traens^erse  <iiKlM[iee 
between  €0  and  Go  cf  thtt  line  of  (Aord6.  9.  Take 
out  die  transftTBe  diitMiee  iMtweM  the  cherd  of  ^^ 
which  set  item  A  to  G,  gfre*  the  greatest  segment 

Or  make  A  B,  a  tvamverse  dnrtanee  between  54 
mud  64  of  the  line  of  evnes,  then  is  the  distaMe  b^ 
twe0n3Oanl  90 the  greater  sigttMM;^  and  iSaardlS 
kbe  Jesser  aegiEbe»t 

Pbobum  iq.  T0  tiwide  a  giwn  Mrifi^  tine  ih 
the  same  proportions  ismoiJtergii9en  Mra^ghi  tine  k 
-divinlidf  Jig.  iO,  piate  $. 

Let  AB,  or  C  D  foe  two  giten  4tni)gfaft4ines>  %h6 
first  dirhied  into  100,  the<second  inte  6o equal  parts; 
it  is  required  to  divide  £  F  iMo  wo,  «ad  H  H  iMft 
6o  equal  puts* 

Make  £  F  a  transimae  dMtSMce  in  tfie  tenuis  100 
and  lOO,  then  the  traoBverse  neaaure  between  go 
and  go  set  fhan  £  to  90>  and  from  F  to  lO;  the 
measure  between  80  and  80  set  irom  £  to  €0^  and 
from  F  to  90,  and  the  aoeasum  between  TO  and  70 
acft  firom  £  g^ves  70^  fnaa  F  3a  The  distanee  be- 
tween ^  and  60,  gma  ^  and  40 ;  and  lastly,  the 
transverse  tneasiuie  beitween  50  and  fiO  bisects  the 
gh^en  linein  tht  Mittl&0>  and  we  sbaH,  ^'five  IraM- 
terse  extents.  We  divided  the  line  £F  into  id 
equal  parta,  each  of  which  are  to  be  eubdiv ided  into 
10  amiller  divisions  by  probleins  1 1  avid  12. 

To  <&vide  O  H  into  Wpetts^as  we  have  supposed 
C  D  to  be  divided,  make  O  H  a  trans^rse  dislanot 
in  the  terms  of  60,  then  work  as  befone* 

Problem  20.  To  find  the  angular  point  ^  tM 
gifcen  Unes  A  K,  c  P,  J^.  3a>  plate  5^  tdhioh  mcUnp 
to  each  other  mthomt  proditigisig  eMer  iof  fkm. 

f  a 
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Through  A  draw  at  pleasure  A  N,  yet  so  as  not 
to  cut  c  P  too  obliquely.: 

1 .  Draw  the  parallel  lines  A  i^^  G  i^  K  ^.  2.  Take 
any  numb^  of  tiines  the  extents,  AN,  G  0>  K  P, 
and  set  them  on  their  respective  lines,  as  from  N  tp 
y  land  v,  from  O  to  P  tod  i,  from  P  to  »  and  f,  and 
t  line  through  i,  o  v,  and  another  through  a,  fi,  y, 
will  tend  to  the  same  point  as  the  lines  A  K,  c  P^ 

Method  2.  1.  Through  AB  and  CD,  Jig.  21, 
plate  5,  draw  any  two  parallel  lines,  as  G  H  and  F  £• 
2.  Set  off  the  extent  B  O  twice,  from  B  to  G,  and 
D  to  H ;  and  the  extent  A  C  twice,  from  A  to  F, 
and  from  C  to  E.  3.  A  line  passing  through  F  and 
G  will  intersect  another  line  passing  throng  £  and 
H  in  I,  the  angular  point  required. 

The  extent  FA,  G B,  may  be  multiplied  or  di** 
Tided,  so  as  to  suit  peculiar  circumstances. 

Corollary.  Hence,  if  any  two  lines  be  given  that 
tend  to  the  same  angular  point,  a  third,  or  more  Unes 
may  be  drawn,  that  shall  tend  to  the  same  point,  and 
yet  pass  through  a  given  point. 

Solution  by  the  sector.  Case  1 .  When  the  pro- 
posed point  e  is  between  the  two  given  lines  V  L  and 
ahy  fig.  23^  plate  5. 

Through  e  draw  a  line  a  v,  cutting  a  b  at  a,  and 
V  L  at  V,  then  from  any  oilier  point  b,  in  a  b,  the 
further  the  better,  draw  b  x  parallel  to  a  V,  and  cut- 
ting V  L  in  X,  make  a  v  a  transverse  distance  between 
100  and  100,  on  the  line  of  lines;  take  the  extent 
e  V,  and  find  its  transverse  measure,  which  suppose 
to  be  6o ;  now  make  x  b  a  transverse  distance  be* 
tween  100  and  100,  and  take  out  the  transverse  dis- 
tance of  the  terms  6o,  which  set  off  from  x  to  f,  then 
^.  line  drawn  through  the  points  e  and  f,  shall  tend 
to  the  same  inaccessible  point  q  witli  the  given  lines 
ab,  VL. 

^   Case  2.  When  the  proposed  point  e  is  without  the 
giv(?n  lines  a  b  an4  V  h,  Jig-24iK  . 
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*  Throngh  e  draw  any  line  e  v,  cutting  a  b  in  a^  and 
V  L  in  V ;  and  from  any  other  point  b  in  a  b  draw 
xf  parallel  to  ev,  and  cutting  VL  in  x,  make  v^ 
a  transverse  distance  in  the  terms  of  ICX) ;  find  the 
transverse  measure  of  a  v,  which  suppose  72 ;  make 
xb  a  transverse  measure  of  72^  and  take  out  the  dis- 
tance between  the  terms  of  100,  which  set  off  from 
X  to  f,  and  a  line  ef  drawn  through  e  and  {,  will 
tend  to  the  same  point  with  the  line  a  b.  » 

If  the  given  or  required  lines  fall  so  near  each 
other,  that  neither  of  them  can  be  measured  on  the 
terms  of  100;  then  use  any  other  number,  as  80,  JO, 
60,  &c.  as  a  transverse  measure,  and  work  with  that 
as  you  did  with  100. 

This  problem  is  of  considerable  use  in  many  geo» 
metricsd  operations,  but  particularly  so  in  perspec* 
tive ;  for  we  may  consider  V  L  as  a  vai;iishmg  line, 
and  the  other  two  lines  as  images  on  the  picture ; 
hence  having  any  image  given  on  the  picture  that 
tends  to  an  inaccessible  vanishing  point,  as  many 
more  images  or  lines  tending  to  the  same  point  as 
may  be  required,  are  readily  drawn.  This  problem 
is  more  fully  illustrated,  and  all  the  various  cases  in* 
vestigated,  in  another  part  of  this  work. 

Problem  21 .  Upon  a  given  right  line  A  B,  ^g. 
19,  plate  5,  to  make  an  equilateral  triangle. 

1.  From  A  and  B,  with  a  radius  equal  to  A  B,  de- 
scribe arcs  cutting  in  C.  2.  Draw  A  C  and  B  C,  and* 
the  figure  A  C  B  is  the  triangle  required. 

An  isosceles  triangle  may  be  formed  in  the  same 
manner. 

Problem  22.  To  make  a  triangle y  whose  three 
sides  shall  be  respectively  equal  to  three  given  lines^ 

A,  B,  C,  Jig.  20,  plate  5,  provided  any  two  of  thet/n 
be  greater  than  the  third. 

1.  Draw  a  Itn^  B  C  equal  to  the  line  B«    2.  On 

B,  with  a  radius  equal  to  C9  describe  on  arc  at  A. 
0*  On  Cy  with  a  radius  equal  to  A>  describe  another 
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9^  wAtiRg  the  fiwmet  at  A.  4*  Ifrwr  the  )«iet 
AC  and  AB>  aad  the  %un  AB^C  will  be  the  tiv 
aiigle  Deqaired. 

Pmmlw  %S.  Upw  a  given  line  AB,  jfig.  j, 
ftM»  6>  to  describe  a  ^uare^ 

h.  Ffom  tbe  poiat  B  draw  B  D  pcrpendicul^,  ajad 
•qoal  IQ  AB.  «.  Oa  A  and  P,  with  tl^e  radiua 
A.B,  dosoribe  afcs  eHttu^  in  €•  3-  Dcaw  A  C  and 
C  D,  and  the  figure  A  B  G  D  i»  tb^rec^ircd  M|uaxe« 
.  PiLeM«M24.  Tik- d^crib^  a  vect^ngU  or  panlle- 
bi^gmf.  mkau  ktigtk  and  breadth  shali  he  equal  to 
pof^  gmm, lines  A  and  B>  ^*  %  plate  ^ 

1.  JMn^i  C  D  ^ual  ta  A,.  aadioaketP  £  perpeoh 
^icular  thereto^  and  equal  to  B,  2«  Qa  the  pomta 
£  and  C>  ^b  the  radii  A  and  B>  describe  arcs  cut- 
tmg  lA  F.  a.  Jbia  CF  and  £F;.  then  CB£F 
witf  bethe  imjtangle  requirM. 

PROHLiMi  45*  £^p^»  «  given  line  A  B^  Iaca2»/ru{;/ 
,  a  r^oiwfo^i.^.  3^, plate  $. 

1^  Ott  B>  with  the  radius  AB,  describe  au  aio 
at:  B.  2«  Oo!  A,,  wil^  tba  same  radiu4i,.  d€;s/cribe  aA 
am  at  C.  3«  On  C»  but  9tiU  with  the  ssme  radius^ 
make!  tb«  ifitjefFsectioii  P»  4.  Dsaw  the  Uvea  A  C^ 
DC,  D  B,  and  you  h^e  the  raqjuired  figure^ 

Haxting  tzva  given  Umjs  A  B,  A  I)^  and  a  gifeen 
angle,  ta  cansiruct  €k  rhomboitks^  fig.  4. 

Make  the;  asgle  AC  D  equal. to  Uie. given  angle, 
and  set  off  C  D  equat  to  A  B,  and  A  C  equal  to  A  Bi 
then  from  A>  with  the  distMce  A  B»  deseribe  9Xi  arc 
a*  B. ;  inten^ect  this  arc  with  ib»  exteut  A  Dt .  s'et?  off 
from  D ;  join  A  B,  B  D,  and  the  figure  is  completed. 

FkoMdPW%t«  I£mngtAed^o^l^ADy.a»djf^ 
^deeAT^i  9 1^I>  C,  A  G,  <«  cfinetruft ik'ir^fi^iim^, 
Jlg^  %  platc"^. 

Draw  an  occult  line  A I^  and  mak^it#<|iial  to^tiu^ 
given  diagtinaA.  Tfalw  A  B  in,  lie  q9i«paftacs,  wd 
from.  A  sUiike  an^  arc  atiB;  iiaterseet tl^s.  am  fromi 
Ji>  widk  tihfi  «tftDt.DB>.  a^  4raw  A  B>,  D B  i  naw- 
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widl  tbd  Mlier  two  line»  A  C,  C  S,  and  frotn  A  and 
D  make  an  intersection  at  C ;  join-  HC,  AC,  and 
tba  figure*  k  completed. 

Probjlmc  27 «  Having  the  four  sides  and  one  angle ^ 
io  construct  a  trapezium,  jig.  by  plate  6. 

MAb  the  line  A  B  eqvBl  to  ks  g;ivoni  side,  and  at 
A  make  the  Angle  CAB  eqml  tei  t^  given  angle, 
and  AC  equsd  to  the  gt^en  side  A  C ;  then  with  tbd 
extent  B  i>  fit>m  B,  di^cribe  an  arc  at  D,  intersecf 
tbiB  firom  €  wiA  the  ^tent  C  D ;  join  the  severed 
lines,  and  the  figure  is  obtained. 

Pbobmebi  28*  To  find  the  centre  of  a  circle ^Jig.  6, 
plot  €  6. 

1 .  Draw  any  chord  A  B,  and  bisect  it  with  this 
cbord  C  D.  2.  Biseet  CD  by  the  chord  £  F,  md 
tfieir  intersection  O  wilt  be  the  eentre  of  the  circle. 

PsoBLfiAff  29*  T»  dsssribe  the  circumference  of  a 
cirek  through  any  three gvoen points  ABC,  fig.  7^ 
plate  6^  provided  they  are  not  in  a  straight  tine. 

1.  Prom  the  middle  point  B  draw  &e  chorda  B  A 
and  B  C.  2«  Bisect  tliese  chords  with  the  perpen- 
dicular lines  n  O,  m  0«  a.  From  the  poitit  of  inter^i 
section O,  and radims  O  A,  OB,  and  O C,  you  may 
describe  the  required  ciwle  A  B  C«  By  this  problem 
a  pQftion  of  the  circumference  t4  a  ciwle  may  be 
finished,  by  assuming  three  points. 
'  Probum  30.  To  ^(M  a  teMgent  to  a  given  circle, 
that  shall  pass  thnmgh  0  given  point  K,  Jig.  8  and 
^  plate  6. 

Case  )•  When  the'  point  A  is  in  the  circumfer- 
enee  ef  the  circle.  Jig.  By  plate  &. 

1 .  From  the  centre  O,  draw  the  radius  O  A.  3« 
Through  the  point  A,  draw  C  D  perpendicular  to 
OA,  and  it  frill  be  the- required  tangent. 

Case  2.  When  the  point  A  is  without  the  circlci 
Jig.9,'piate^ 

1 .  From  the  centre  O,  draw  O  A,  and  bisect  it  in  n. 
2.  From  the  point  n^  with  ^  Mtiiis  n  A,  or  nO, 
describe  the  semicircle  Al>0,  cutting  tlie  given 
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circle  in  D.  3.  Through  the  points  A  and  J),  6nw 
Ji  B9  the  tangent  required. 

Problem  31.     To  cut  off' from  a  circle^  Jig.  10, . 
plate  Qy  a  segment  containing  any  proposed  angle, 
ex.  gr.  120*. 

Let  F  be  the  point  from  whence  it  is  required  to 
draw  a  chord  which  shall  contain  an  angle  of  ]20^ 

1.  Through  F  draw  F  R  a  tangent  to  the  circle.  2. 
From  F-draw  F  A>  making  an  angle  of  60  degrees, 
with  the  tangent  F  R^  and  F  C  A  is  the  segment  re- 
quired. 

Problem  33.  On  a  given  line  ABt  to  describe  the 
segment  of  a  circle  capable  of  containing  a  given  an^ 
fU^  fig.  11  y  plate  6, 

Draw  A C  and  B G^  piaking  the  angles  ABC, 
B  A  C>  each  equal  to  the  given  angle.  Draw  A  D 
perpendicular  tp  A  C,  and  B  D  perpendicular  to 
p  C  ;  with  thp  centre  D,  and  radius  DA,  or  D  B, 
describe  the  segment  A  £  B,  and  any  angle  made 
|n  this  segment  will  be  equal  to  the  given  angle,  A 
more  easy  solution  of  this  problem  will  be  given  when 
we  come  to  apply  it  to  practice. 

Proble;m  33,  To  describe  an  arc  %J  a  circle 
that  shall  contain  any  number  of  degrees^  without 
COfnpasseSy  or  without  Jinding  the  centre  of  the  circle ^ 
iig.  12,  plate  6. 

Geometrically  by  finding  points  through  which  the 
9rc  is  to  pass,  let  A  B  be  the  given  chord. 

1.    Draw  AF,    making  any  angle  with  BA, 

2.  At  any  point  F,  in  A  F,  make  the  angle  E  F  G, 
equal  to  the  given  angle.  3.  Through  B  draw  B  E 
parallel  to  FG^  and  tlie  iutersectioa  gives  the 
point  £,  in  the  same  manner  as  many  points  D^  C, 
&c.  may  l^e  fpund^  ^  wjU  be  necessary  to  complete 
^he  arp, 

lliis  subject  will  be  found  fully  investigated  her^* 

^fter. 

Problem  34*  To  inscribe  a  circle  in  a  given  tri% 
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1.  Bisect  the  angles  A  and  B  with  the  lines  Ao 
and  B  o.  2.  From-  the  point  of  intersection  o,  let 
iM  the  perpendicular  o  N^  and  it  will  be  the  radink 
of  Ac  required  circle.  *  ,    .  .       % 

Problem  35.  Toimcribeapentagonj  ahcxugan^ 
or  a  decagon,  in  a  given  circle^  Jig.  15,  plate  6. 

1 .  Draw  the  diameters  A  B  and  C  £  at  right  a\i- 
gles  to  each  other.  2.  Bisect  D  B  at  G.  3.  On  6, 
with  the  radius  G  C^  describe  the  arc  C  F.  4.  Join 
C  and  F^  and  the  line  C  F  will  be  one  side  of  the  lei* 
quired  pentagon. 

The  two  sides  DC,  FD  of  the  triangle  FDC, 
eiipble  us  to  inscribe  a  hexagon  €fr  a  decagon  in  the 
'saoEie  circle ;  for  D  C  is  the  side  of  the  hexagon,  D  F 
that  of  the  d^oagon. 

Problem  36^    To  inscribe  a  square  or  an  octagon 
i^  a  ghen  cirek^  fig.  i6,  plate  6. 
•    1  .Draw  the  diameters  A  C,  B  D,  at  right  an^ea 
to  each  other.    2.  Draw  the  lines  A  D,  B  A,  BC^ 
C  D,  and  you  obtain  the  required  square. 

FOR  THE   OCTAGONii 

Bisect  the  are  AB  of  the  square  in  the  point  F, 
and  the  line  A  F  being  carried  eight  times  rounds 
will  form  the  octagon  required. 

Problem  37^  In  a  given  circle  to  inscribe  an 
equilateral  triangUy  an  hexagon,  or  a,  dodecagons 
fig.  17,  plate  6. 

for  the  equilateral  triangle. 

1 .  From  any  point  A  as  a  centre,  with  a  distance 
equal  to  the  radius  AO,  describe  the  arc  FOB. 
a.  Draw  the  line  B  F,  apd  make  B  D  equal  to  B  F. 
3.  Join  D  F,  and  DBF  will  be  the  equilateral  tri- 
angle required, 


14  mt  ras  DODBOttGroR. 


ton  THE  niexAG6v. 

tdius  A  O  she  tiiuies  round 
on  c^twia  hoagoD. 


tbe  bexagon  in  Ihe  {Mint  n, 
carried  twelve  tittMsk  rtMKMl 
form   the  vMuired  dodo^ 


PRomjMSB.  Jh^kiT  method  t^imcribe  a  d(kie^; 
eagon  m  a  dreiff  er  t^^  dioide  the  circumferenee  0/^ 
a  g^ven  circle  into  12  equal  parts,  each  of  BO  de* 
gven^fig.  18^  plate  6* 

1.  l)raw  the  two  diameters  I,  7,  4^  \Oy  perpeiH 
dkufar  tt>  each  otbev.  1.  With  the  radios  ef  the 
ciFsie  audi  o«i  tfce  Ibur  extreimtie»  1,  4^  T,  10^  ai 
centres,  describa  ares  tliroiigb  Ibe  centre  of  the  cir^ 
cle;  these  arcs  will  cut  the  circumference  in  the 
poifits  required,  ^ifiding  k  into  \%  equal  parts,  at  the 
points  marked  with  the  numbers. 

Pacnuw  39.  Ta  find  the  angtet  at  the  centre, 
and  the  eidK»  o^  m  pegutar  polfgrn. 

Divide  d6o  by  the'  number  ei  side^  hvtliepro* 
paaed  pdygon,  thaa:  *^^  givtss  f2,  Ibv  the  sngfe  at 
te  centra  of  a  pentagon.  To^fiaA  the  angle  Ibrosed 
^y  the  sides,  subtract  the  angle  at  the  centve  from 
180,  and  the  remainder  is  the  angle  required; 
thus  72*.fitmi  180%  gii«»  loa**  for  Ae  aagle  of  a 
pentagon. 
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A  TABLE,  thewig^  the  iin^  at  M«  Wfipei  tnid  driumfiutmm$ 
of  regular  pohfgont^Jrom  three  to  Uttelve  eides  u 


\     NMuet. 

I 

1 

Angten  afc  Oeatve. 

1  AngleralCk.  * 

\    Trifdn 

i9o»  «cr 

.    60*  ccr 

Square 

4 

90    00 

90    00 

Pentagoik 

5 

72    00 

108    00 

Hexagon 

6 

60    OD^ 

120    00 

mefisgon 

7 

5$    23« 

l»    94$ 

}   Qc^feigra 
1   Nimtgoo 

8 

45    00 

1S3B    00 

(9 

.     40    00     , 

.    X40    00 

Decagon 

10 

36    00 

144    00 

lEIndecagon 

11 

9i    43t\: 

147    I«tV 
I5»    OO 

fiodtcagoA 

12 

S0    00. 

Thi»  table  is  condtAicted  by  dlvuiing  36o^  the  de- 
grees in  a  circumference^  by  the  nu»iber  of  skie»  i» 
ead^  polygoiv  and  the  (]^otient»^e  the  angles,  at  the 
centres  ;  the  angle  at  the  centre  subtracted  fron^^lSOi 
diegreesji  leaves  tdie  angle  at  d»e  circuvoEfeyenee. 

Pbom^sm  4a  /it  a  ^ive/}  eirclt  ta  imcriie  mtt^ 
ftdgtilar  p^iygWi  Jig,'  U,  pUU  &. 

1.  At  the  center  €  make  an  angle  e^al  t# 
the  center  of.  I|ie  polygon,  aa  contain^  in  thr  pre- 
ceding table^    and  joii^  the  tii:\golaB  pointa  AR* 

ar  The  dis^qM  A  ^iW^^-^^  ^i^  aideof  tbe  pelygon^ 
ivhicb  be^i^  ^%fjff^  rofiiiMb  tbe  cineuaiierenee,  the: 
proper  number  of  tiifl^s  will  complete  the  figure. 

Another  method^  ^hkh  approMimates  very  nearly 
the  truth,  fig.  ig,  plate  6. 

1.  Divide  tbe  diameter  AB  into  aa  many  equal 
parts  a9  the  figure  has  sides,  a.  Fromi  the  eentes  O 
raise  the  perpendicular  Om«  3.  Make  n^xt  equal 
Uh  tbcee  fourtlns;  ofi  Oniw  4*  Frem  n  draw  niC^ 
tbraugh  tkm  seoend  divaeion  of  the  diameten  5« 
Join  the  points  A  C^  and  the  line  A  C  will  be  the 
side  of  the  required  polygon^  in  this  instance  a  pen«- 
tagon. 

I 


yO  f OR  POLYGONS. 

Problem  41.  About  any  gifven  triangle  ABC, 
to  circumscribe  a  circle,  Jig.  21,  plate  6. 

1 .  Bisect  any  two  sides  A  B,  B  C,  by  the  perpen- 
diculars m  o,  n  o.  2.  From  the  point  of  intersection 
O^  with  the  distance  O/A  or  O  B,  describe  the  re- 
quired circle. 

Problem  42.  About  a  given  circle  to  drcum* 
scribe  a  pentagon.  Jig.  20,  piate  6. 

1.  Inscribe  a  pentagon  within  the  circle,  2. 
Through  the  middle  of  each  side  draw  the  lines  O  A, 
OB,  OC,  OD,  and  OE.  3.  Through  the  point 
n  draw  the  tangent  A  B,  meeting  O  A  and  O  B  in  A 
and  B.  4.  Through  the  points  A  and  m,  draw  the 
line*  A  m  C,  meeting  O  C  in  C.  5.  In  like  manner 
draw  the  lines  CD,  DE,  £B,  and  AB  CDE  will 
be  the  pentagon  required. 

In  the  same  manner  yon  may  about  a  given  circle 
circumscribe  any  polygon. 

Problem  43.  About  a  given  square  to  circum* 
scribe  a  circle.  Jig.  22,  plate  C 

1  •  Draw  the  two  diagonals  A  D,  B  C,  intersecting 
each  other  at  O.  2.  From  O,  with  the  distance 
O  A  or  O  B,  describe  the  circle  A  B  C  D,  which 
will  circumscribe  the  square^* 

P^o^LEM  44.  On  a  given  line  A3  to  make  a  re* 
gular  hesagon,  fig.  24,  plate  6. 

'  1 .  On  A  B  make  the  equilateral  triangle  A  O  B. 
2.  From  the  point  O,  with  the  distance  O  A  or  O  B, 
describe  the  oircle  A  B  C  D  E  P.  3.  Carry  A  B  six 
times  round  the  cireumfcVence.  and  it  will  form  the 
required  hexagon. 

Problem  45.  On  a  given  tine  AB  to  form  a  re^ 
gular  polygon  of  any  proposed  number  ofsides^  fig. 
14,  plate  0. 

J .  Make  the  angles  CAB,  C  B  A  each  equal  to 
half  the  angles  at  the  circumference ;  see  the  pre* 

*  To  inscribe  a  circle,  fie.  8S>  from  the  intersection  O  of  two 

diameters  and  the  distance'O  n  as  a  radius,  describe  the  circle  ap 
requiredL 


FOE  POLYGONS.  fj 

ceding  table.  2.  From  the  point  of  intersection  C, 
with  the  distance  C  A^  describe  a  circle.  3.  Apply  the 
chord  A  B  to  the  circumference  the  proposed  number 
of  times^  and  it  will  form  the  required  polygon. 

Problem  46.  On  a  given  line  A3,  Jig.  25^  plate 
6,  to  form  a  regular  octagon. 

1.  On  the  extremities  of  the  given  line  AB  erect 
the  indefinite  perpendiculars  A  V  and  B  £•  2.  Pro- 
duce A  B  both  ways  to  s  and  w,  and  bisect  the  angle 
n  A  s  and  o  B  w  by  the  lines  A  H^  B  C.  3.  Make 
A  H  and  B  C  eaeh  equal  to  A  B,  and  draw  the  line 
HC.  4.  Make  ov  equal  toon^  and  through  v 
draw  G D  parallel  to  HC.  5.  Draw H  G  and C  D 
parallel  to  A  F  and  B  E^  and  make  c  E^  equal  to  c  D. 
6.  Through  £  draw  E  F,  parallel  to  A  B^  and  join 
the  DointsGFandDE.  and  ABCDEFGH  will 
be  the  octagon  required. 

Problem  47.  On  a  given  right  line  A  B,fg.  26, 
plate  6,  to  describe  a  regular  pentagon. 

1 .  Make  B  m  perpendicular^  and  equal  to  A  B. 
2.  Bisect  AB  in  n.  3.  On  n,  with  distance  n  m, 
cross  A  B  produced  in  O.  4.  On  A  and  B^  with 
radius  A  O^  describe  arcs  intersecting  at  D.  5.  On 
D,  with  radius  A  B^  describe  the  arc  £  C»  and  on  A 
and  By  with  the  same  extent^  intersect  this  arc  at  £ 
andC.  6.  Join  A£,  £D,  DC,  CB,  and  you 
complete  the  %ure. 

Problbm  48.  Upon  a  given  right  line  A  B,  Jig* 
Vjy  plate  6,  to  describe  a  triangle  similar  to  the  tri^^ 
ftfigleCDE. 

1 .  At  the  end  A  of  the  given  line  A  B,  make  an 
angle  FAB,  equal  to  the  angle  £ C D.  2.  At B 
make  the  angle  A  B  F  equal  to  the  angle  C  D  £.  3. 
Draw  the  two  sides  A  F,  B  F,  and  A  B  F  will  be  the 
required  triangle. 

Problem  49.  To  describe  a  polygon  similar  to  a 
given  polygon  A  B  C  D  £  F,  one  of  its  sides  a  b  being 
given  J  Jig.  2«  and  29,  plate  6. 

l.'DrawAC,  AD,AF.    2.  Set  off  ab  on  A B, 
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6bm  A  to  r»  3.  Drifr  tg  pmllel  to  B  F,  nieetia^ 
A  F  ta  g.  4.  Through  the  point  g  dnw  g  h^  {HtiBlkl 
to  F€,  OM^tiiig  A  C  in  k  5.  'niro«gh_lke  point  k 
draw  die  psrallel  h  i.  6*  Through  i  drew  i  k  parallel 
to  £  Dy  and  the  figure  A  rgh  i  k  will  be  aimilar  to 
the  figure  AB  CD  £F» 

Probubm  50.  To  reduce  cjifptrt  by  a  scale^g. 
98  and  2g^  plate  6. 

1*  Measure  each  aide  of  the  figure  ABCDE 
with  the  scale  G  H*  2.  Make  a  b  aa  many  parts  of 
a  amailer  scale  K  L,  as  A  B  was  of  the  lai^er.  ft* 
be  as  many  of  KL,  as  BC  of  GH,  and  ac  of  KL» 
A  C^  &£.  by  which  means  the  figure  will  be  reduced 
in  a  snudfer  one. 

OF  THE  TRANSFORMATION    AND    REDUCTION    Of  FI- 
GURES. 

Problem  51.  To  change  a  triangle  into  another 
afeqwd  extent y  but  Afferent  height,  fig.  i,  2>  8,  Ay 
riate  7. 

Let  A  B  C  be  the  given  triangle^  I)  a  poinit  at  the 
given  height. 

CoMc  1.  Wh««  the  point  D,  fig.  l  and  2,  plat9 
7y  is  either  in  one  of  the  sides,  or  in  the  prolonga* 
tion  of  a  side.  1.  Draw  a  line  from  D  to  the  oppo* 
site  angle  C.  2.  Draw  a  line  A  £  parallel  thereto^ 
from  A>  the  summit  of  the  given  triangle.  3.  Join 
D  £9  and  B  D  £  is  the  required  triangle. 

Case  2.  When  the  point  D,  fig.  3  and  4,  plate  7, 
b  nnther  in  one  of  the  sides,  nor  in  (he  prolongation 
thereoC  1.  Draw  an  indefinite  line  B  D  a,  from  B 
through  the  point  D.  2.  Draw  from  A,  the  summit 
of  the  given  trian^e,  n  line  A  a,  parallel  to  the  base 
B  C,  and  cutting  ttie  line  B  D  in^a.  3.  Join  aC^  and 
the  triangle  B  a  C  is  equal  to  the  triangle  BAG; 
and  the  point  D  being  in  the  same  line  with  B  a. 
4.  By  the  preceding  case,  find  a  triangle  ftom  D» 
e^uai  to  BaC;  i.e.  join  DC^  draw  a£  parallel 


iberetoy  theu  jaiii  B  £^  aiidBDE  is  tiie  required 
trian^e. 

Cwrallary.  Hitfeei^squiredtocbmiigetlietmiigUi 
BAC  into  an  equal  triangle,  of  which  tbehei|gfat 
and  angle  B  D  £  are  given :  1  •  Draw  the  indefinite 
line  BJDA9  making  the  required  an^ewith  BC. 
1L  Take  on  BD  a  a  point  D  at  the  given  height ;  and, 
3.  Gxisferuct  the  triangle  by  the  fop^dng  rules. 

Peobusm  62i.  To  make  rni  Umoelet  triangle  AEB^ 
Jig*  Satiate  7,  equal  H  the  scakne  triangle  AC  B. 

1 ;  Bisect  the  base  in  J).  2.  Erect  the  perpen^ 
dioular  D£.  8.  DrawC£  parallel  to  AB.  4« 
Draw  A £9  £B,  and  AfeSB  is  the  inquired  triangfe. 

Peoblem  5S.  To  make  an  equilateral  triangle 
epmltp/ighpen^aleme  triangle  ABC^^g.  T  opiate  7. 

1 .  On  the  base  A  B  make  an  equilateral  triangle 
ABD.  2«  Prolong  BD  towatds  £•  3.  Draw 
C£  parallel  to  AB.  4.  Bisect  D£  at  I,  on  DI 
describe  the  semicirde  D  F  £.  S.  Draw  B  F,  the 
mean  proportional  between  B£,  BD.  6.  Wi^ 
BF  from  B,  describe  the  arc  FGH ;  with  the  same 
radius  from  G,  intersect  this  arc  at*  H,  draw  B  H, 
O  H,  and  B  O  H  is  the  triangle  required. 

Corollary.  If  you  want  an  eqnilateml  triangle 
equal  to  a  rectangle^ ^or  to  an  kosceles  triangle; 
find  a  scalene  triangle  reflectively  equal  to  each^ 
and  then  work  by  the  foregoing  problem. 

PnoBLBBf  54.  To  reduce  a  rectilinear  figure 
ABCDE,^^.  8  and  9,  plate  7,  to  another  equal  tq 
it,  but  with  one  side  less. 

1  •  Join  the  extremities  E^  C,  of  two  sides  D  £, 
D  C,  of  the  same  angle  D.  2.  From  D  draw  a  line 
DF  parallel  to  EC.  3.  Draw  EF,  and  you  obtain 
a  new  polygon  A  B  F  E^  equal  to  A  B  C  D  E^  but 
with  one  side  less. 

Corollary.  •Hence  every  rectilinear  figure  may  bei 
reduced  to  a  triangle^  by  reducing  it  successively  to 
a  figure  with  one  side  less^  until  it  is  brought  10  ona 
only  thiM  sides. 
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For  example;,  let  it  be  required  to  rediufe  tb# 
polygon  A  B  C  D  E  ¥,fig.  10  and  1 1,  plate  7,  into 
a  triangle  I A  H,  with  its  summit  at  A^  in  the  cir- 
cumference of  the  polygon^  and  its  base  on  the  base 
thereof  prolonged* 

I.  Draw  the  diagonal  D  F.  2.  Draw  £  G  pa-» 
lallel  to  D  F*  3.  Draw  E  G^  which  gives  us  a  new 
polygon,  AB C GF^  with  one  side  less.  4.  To  re« 
duce  A  B  C  G  F,  draw  A  G,  and  parallel  thereto 
F  H ;  then  join  A  H^  and  you  obtain  a  polygon 
A  B  C  H»  equal  to  the  preceding  one  A  B  C  G  F. 
5.  The  polygon  A  B  C  H  having  a  side  A  H^  which 
may  terve  for  a  side  of  the  triangle,  you  have  only  to 
veduce  the  part  AB  C,  by  drawing  AC,  and  parallel 
thereto  B  I ;  join  A  I,  and  you  obtain  the  required 
triangle  I A  H. 

N*  B.  In  fighre  1 0  the  point  A  is  taken  at  one  of 
the  angular  points  of  the  given  polygon ;'  in  figure 
11  it  is  in  one  of  the  sides^  in  which  case  there  is  one 
reduction  more  to  be  made>  than  when  it  is  at  the 
angular  point. 

Corollary.  As  a  triangle  may  be  changed  into 
another  of  any  given  height,  and  with  the  angle  at 
the  base  equal  to  a  given  angle ;  if  it  be  required  to 
reduce  a  polygon  to  a  triangle  of  a  given  height,  and 
the  angle  at  the  base  also  given,  you  must  first  reduce 
it  into  a  triangle  by  this  problem,  and  then  change 
that  triangle  into  one,  with  the  data^  as  given  by  the 
problem  51. 

Corollary.  If  the  given  figure  is  a  parallelogram^ 
Jig.  1 2,  plate  7,  draw  the  diagonal  E  C,  and  D  F.  pa- 
rallel thereto ;  join  E  F^  and  the  triangle  £  B  F  is 
equal  to  the  parallelogram  E  B  C  D. 

OF  THE  ADDITION   OF   FIGURES. 

1 .  If  the  figures  to  be  added  are  triangles  of  the 
same  height  as  A  MB,  B  NC,  C  OD,  D  P  Y.,Jig^ 
14,  plate  7,  make  a  line^  A  E  equal  to  the  sum  ol 


SUBTRACtlON   OF    FIGUREI^*  81 

their  bases,  and  constitute  a  triangle  A  M  E  thereon^ 
whose  height  is  equal  to  the  given  height,  and 
A  M  E  will  be  equal  to  the  given  triangles. 

2.  If  the  given  figures  are  triangles  of  different 
heights,  or  different  polygons,  they  must  first  be 
feduced  to  triangles  of  the  same  height,  and  thea 
these  may  be  added  together. 

3.  If  the  triangle,  into  which  they  are  to  be 
summed  up,  is  to  be  of  a  given  height,  and  with  a 
given  angle  at  the  base,  they  must  first  be  reduced 
into  one  tiiangle,  and  then  that  changed  into  an- 
other by  the  preceding  rules. 

4.  The  triangle  obtained  may  be  changed  into  si 
parallelogram  by  .the  last  corollary. 

• 

MULTIPLiCAtlON   dF   FIGURE^^ 

1.  To  multiply  AMB, /g*.  13,  plate  7,  hy  * 
given  number,  for  example^  by  4 ;  or  more  accu-» 
i^tely,  to  find  a  triangle  that  shall  be  quadruple  thet 
triangle  A  M  B.  Lengthen  the  base  A  £,  so  that  it 
may  be  four  times  A  B  ;  join  M  E,  and  the  triangle 
A  M  E  will  be  quadruple  the  triangle  A  M  B^ 
2.  By  reducing  any  figure  to  a  triangle,  we  may  ob- 
tain a  triangle  which  may  be  multiplied  in  the 
same  manner. 

SUBTRACTION  OF   FIGURES. 

1 .  If  the  two  triangles  B  A  C,  d  a  c,  Jig.  15,  plate 
7,  are  of  the  same  height^  take  from  the  base  B  C 
of  the  first  a  part  D  C,  equal  to  the  base  d  c  of  the 
other,  and  join  AD;  th^n  will  the  triangle  A  B  D  bef 
the  difference  between  the  two  triangles. 

If  the  two  triangles  be  not  of  the  same  height,  they 
must  be  reduced  to  it  by  the  preceding  rules,  and 
then  the  difference  may  be  found  as  above ;  or  if  a 
polygon  is  to  be  taken  irom  another,  and  a  triangle 
tojand  equal  to  lhe  remainder,   it  ifx^y  be  easily 
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effected^  by  reducing  them  to  triangles  of  tbe  same 
height. 

2.  A  triangle  may  be  taken  from  a  polygon  by 
drawing  a  line  within  the  polygon^  fjrom  a  given  point 
F  on  one  of  its  side^.  To  effect  this,  let  us  suppose 
the  triangle,  to  be  taken  from  the  polygon  A  BCl)E, 
jig.  \Qy  plate  7f  has  been  changed  into  a  triangle 
M  O  P,  Jig*  26,  whose  height  above  its  base  M  P  is 
equal  to  that  of  the  given  point  F,  above  A  B  of^^. 
1 6 ;  this  done,  on  A  B  (prolonged  if  necessary)  lay 
off  A  G  equal  to  O  P,  join  F  G,  and  the  triangle 
A F G  is  equal  to  the  triangle  MOP.  There  are, 
however,  three  cases  in  the  solution  of  this  problem, 
which  we  shall  therefore  notice  by  themselves. 

If  the  base  M  P  does  not  exceed  A  ^9  Jig*  1 6,  plate 
7,  the  point  G  will  &11  thereon,  and  the  problem 
will  be  solved. 

But  if  the  base  M  P  exceeds  the  base  A  B,  G  will 
be  found  upon  AB  prolonged,^^^.  17  and  16,  plate 
7  ;  join  F  B,  and  draw  G  H  parallel  thereto  ;  from 
the  situation  of  this  point  arise  the  other  two  cases. 

Case  1.  When  the  point  H,Jig.  17,  plate  7,  is 
found  on  the  side  B  C,  contiguous  to  the  side  A  B, 
join  F  H,  and  the  quadrilateral  figure  F  A  B  H  is 
equal  to  the  triangle  MOP. 

Case  2.  When  11,  Jig*  1 8,  plate  7,  meets  B  C  pro- 
longed, from  F  draw  F  C  and  H I  parallel  thereto ; 
then  join  F  I,  and  the  pentagon  F  A  B  C I  is  equal  td 
the  triangle  MOP. 

DIVISION   OF   RECnUKEAR   FIGURES. 

1.  To  divide  the  triangle  A  M  E,  Jig.  13,  plate  7, 
into  four  equal  parts ;  divide  the  base  into  four  equal 

Sarts  by  the  points  B,  C,  D ;   draw  M  D,  M  C, 
1 B,  and  the  triangle  will  be  divided  into  four  equal 
parts* 

2.  If  the  triangle  AM lE^,  Jig.  19,  plate  7>  is  to 
Jbe.  divided  into  four  equal  parts  from  a  point  ni^  in 
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tme  oJP  its  eides^  change  it  into  another  A  m  e^  with 
its  summit  at  m^  and  then  divide  it  into  four  equal 
parts  as  before ;  if  the  lines  of  division  are  contained 
m  the  triangle  A  M  £,  the  problem  is  solved ;  but  if 
acme  of  the  lines,  as  in  D,  terminate  without  the 
triangle,  join  m  £>  and  draw  d  D  parallel  thereto  ; 
join  m  dy  and  the  quadrilateral  m  C  £  d  is  equal  to 
C  m  D  4-th  of  A  M  £,  and  the  triangle  is  divided  into 
faur  equal  parts. 

3.  To  divide  the  polygon  A  B  C  D  E  F,  y^.  20, 
plate  7t  into  a  given  number  of  equal  parts^  ex.  gr. 
four,  from  a  point  G,  situated  in  the  side  A  F  ;  1. 
Change  the  polygon  into  a  triangle  A  G  M ,  whose 
summit  is  at  G.  2.  Divide  this  triangle  into  as  many 
equal  triangles  A  G  H>  H  G  I,  I  G  K,  K  G  M,  as 
the  polygon  is  required  to  be  divided  into.  3.  Sub- 
tract from  the  polygon  a  part  equal  to  the  triangle 
A  G  H .;  then  a  part  equal  to  the  triangle  A  G  I,  and 
afiterwards  a  part  equal  to  the  triangle  A  G  K,  and 
the  linw  G  H,  G  R,  GO,  drawn  from  the  point  G, 
to  make  these  subtractions,  will  divide  the  polygon 
into  four  equal  parts,  all  which  will  be  sufficiently 
evident  from  consulting  the  figure. 

Problem  5v5.  Three poinis^  fig.  21  to  25 opiate  7, 
N,  O,  A,  being  givenj  arranged  in  any  manner  on 
a  straight  ime^  to  find  two  oth^r  points^  B,  b,  ifi  the 
$am^  line  &o  situated^  that  as 

NO  :  AB  ::  AB  :  NB 
NO  :  Ab  ;:  Ab    :  NB 

Make  AP  =  — ,  aad  PL  sc  ^    placing 

NO 

them  oine  after  the  other,  so  that  A  L  =  —r- . 

Observing,  1«  That  in  the  two  Bgures  21  and  22, 
A  is  placed  between  N  and  O;  and  that  A  P  is  taken 
Mm  A  O,  prolonged  if  necessary. 

2.  In  Jig.  2a,  where  the  point  O  is  situated  be^ 
jtwaen  >f  and  A,  AP  should  be  put  on  the  side  op* 
jposite  to  A  0. 
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.  3.  In  Jig.  24,  where  the  point  N  is  situated  be- 
tween A  and  O,  if  A  P  be  smaller  than  A  N,  it  must 
be  taken  on  the  side  opposite  to  A  N. 

4.  In  ^g.  25,  where  the  point  N  is  also  placed 
between  A  and  O,  if  A  P  be  greater  than  A  N,  it 
must  be  placed  on  A  N  prolonged. 

Now  by  problem   17  make  M  N  in  all  the  five 
figures  a  mean  proportional  between  NO,   N  P, 
and  carrv  this  line  from  L  to  B,  and  from  L  to  b. 
and         NO  will  be  :  AB  ::  AB  :  NB 
NO         :         Ab   ::  Ab   :  NB. 

Problem  5J5.  Two  lines  E  F,  G  H,  Jig.  27,  28, 
29,  plate  7  9  intersecting  each  other  at  A,  being  given, 
to  draw  from  C  a  third  line  B  D,  which  shall  form 
with  the  other  two  a  t?iangle  DAB  equal  to  a  given 
triangle  X. 

1.  From  C  draw  CN  parallel  to  E  F,  2.  Change 
the  triangle  X  into  another  C  N  O,  whose  summit 
is  at  the  point  C.  3.  Find  on  G  H  a  point  B,'  so 
that  NO:AB::AB:NBj  and  fix)m  this  point 

B,  draw  the  line  C  B^  and  DAB  shall  be  the  rcrs 
quired  triangle. 

Scholium.  This  problem  may  be  used  to  cut  off 
one  rectilinear  figure  from  another,  by  drawing  a  line 
from  a  given  point. 

Thus,  if  from  a  point  C,  without  or  within  the 
triangle  1^ AH,  Jig.  30,  a  right  line  is  i^u^ired  to 
be  drawn,  that  shall  cut  off  a  part  D  A  B»  equal  ta 
the  triangle  X,  Jig.  30  ;  it  is  evident  this  may  be 
effected  by  the  preceding  problem. 

If  it  be  required  to  draw  a  line  B  D  from  a  point 

C,  which  shall  cut  off  from  the  quadrilateral  figure 
E  F  G  H,  a  portion  D  F  G  B,  fg.  31,  equal  to  the 
triangle  Z ;  if  you  are  sure,  that  the  right  line  B  D 
will  cut  the  two  opposite  sides  £  F,  G  H,  prolong 
E  F,  G  H,  till  they  meet ;  then  form  a  triangle  Xy 
equalto  the  two  triangles  Z,  and  FAG;  and  the» 
take  Z  from  A  £  H  by  a  line  B  D  from  the  point  C^ 
which  ift-effected  by  the  preceding  problepu. 


R£CT1LIN£AR   FIGUR£S«  85 

If  it  be  required  to  take  from  a  polygon  Yyjig.  32, 
a  part  D  F I  H  B  equal  to  a  triangle  X ;  and  that  ttie 
line  B  D  is  to  cut  the  two  sides  E  F,  G  H  ;  prolong 
these  sides  till  they  meet  in  A ;  then  make  a  triangle 
JZ,  equal  to  the  triangle  X,  and  the  figure  A  FI H ; 
and  then  retrench  from  the  triangle  E  A  G  the  tri- 
angle DAB  equal  to  Z,  by  a  line  B  D,  from  a  given 
point  C, 

As  all  rectilinear  figures  may  be  reduced  to  tri- 
angles, we  may,  by  this  problem,  take  one  re<;- 
tilinear  figure  from  anpthcr  by  a  straight  line  drawn 
from  a  given  point. 

Proj^lem  67.  To  make  a  triangle  equal  to  any 
given  guadrilateraljigure  ABC  D, Jig.- 33 j  plate  7. 

1.  Draw  the  diagonal  BD.  2.  Draw  C£  parallel 
thereto,  intersecting  AD  produced  in  £.  3.  Join 
A  C,  and  A  C  E  is  the  required  triangle. 

Problem  58.  To  make  a  rectangle,  or  paralle- 
logram equal  to  a  given  triangle  AC^^JIg.  33, 
plate  7* 

1.  Bisect  the  base  A  E  in  D.  2.  Through  C  draw 
C  B  parallel  to  A  D.  a.  Draw  C  D,  B  A,  •parallel 
to  each  othar^  and  either  perpendicular  to  A  E,  or 
making  any  angle  with  it.  And  the  rectangle  or  pa- 
rallelogram AB  CD  will  be  equal  to  the  given  tri* 
angle. 

Problem  50.  To  make  a  triangle. equal  to  a  given 
circle,  Jig.  34,  plate  7-* 

Draw  the  radius  O  B,  and  tangent  A  B  perpen- 
dicular thereto ;  make  A  B  equal  to  three  times  the 
diameter  of  the  circle,  and  4-  more ;  join  A  O,  and 
the  triangle  A  O  B  will  be  nearly  equal  the  given 
dlrcle. 

Problem  6o.  To  make  a  square  equal  to  a  given 
rectangle,  ABC D,^.  36,  plate  %. 

*  Strictly  arguing,  thb  can  not  be  solved  but  by  an  approx- 
imation ;  the  area  or  squaring  of  the  circle  is  yet  a  desideratum 
in  mathematics.  See  Hutton^s  Mathematical  and  Philosophical 
Dictionary^  2  Vols.  ito.  1796.    Edit. 
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Produce  one  side  A  B,  till  B  L  be  equal  to  the 
other  B  C.  2.  Bisect  A  L  in  O.  3.  With  the 
distance  A  O,  describe  the  semicircle  L  F  A.  4. 
Produce  B  C  to  P.  5.  On  B  F,  make  the  square 
B  F  G  H,  which  is  equal  to  the  rectangle  A  B  C  D. 

ADDITION    AND    SUBTRACTION  OF   SIMILAR   HGURRS. 

Problem  6i.  To  make  a  square  equal  to  the  sum 
of  any  number  of  squares  taken  togetkery  ex.  gp. 
equal  to  three  given  squares^  whose  sides  are  equal 
to  the  lines  A  B  C,fig.  36,  plate  7. 

1 .  Draw  the  indefinite  lines  £  D,  D  F,  at  right 
angles  to  each  other.  2.  Make  D  G  equal  to  A,  and 
D  H  equal  to  B.  3.  Join  G  and  H,  and  G  H  will 
be  the  side  of  a  square^  equal  the  two  squares  whose 
sides  are  A  and  B.  4.  Make  D  F  equal  G  H,  D  K 
equal  C^  and  join  K  F  ;  then  will  K  F  be  the  side 
of  a  square  equal  the  three  given  squares.  Or,  after 
the  same  manner  may  a  square  be  constructed  equal 
to  any  number  of  given  squares. 

Problem  62.  Tq  describe  ajigure  equal  to  the  sum 
of  any  given  number  of  similar  figures,  fig.  36, 
flate  7. 

This  problem  is  similar  to  the  foregoing :  1 .  Form 
a  right  angle,  ft.  !Set  off  thereon  two  homologous 
tfides  of  the  given  figures,  as  from  D  to  G,  and  nom 
I)  to  H.  3.  Draw  G  H,  and  thereon  describe  a 
figure  similar  to  one  of  the  given  ones,  and  it  will 
be  equal  to  their  sum.  In  the  same  manner  you 'may 
go  on,  adding  a  greater  number  of  similar  figures 
together. 

If  the  similar  figures  be  circles,  take  the  radii  or 
diameters  for  the  homologous  lines. 

Probl£m  63.  To  make  a  square  equal  to  the  dif- 
ference of  two  given  squares,  whose  sides  are  A  B, 
CD,  fig.  37,  plate  7- 

1 .  On  one  end  B  of  the  shortest  line  raise  a  per* 
pendicular  B  F.     2,  With  the  extent  C  D  from  A^ 
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cut  B  F  in  F^  and  B  F  will  be  the  side  of  the  re- 
quired square. 

In  the  same  manner  the  difference  beb^een  any 
two  similar  figures  may  be  found. 

Problem  64.  To  make  ajigure  which  shall  be  si- 
milar tOy  and  contain  a  given Jigurcy  a  certain  num^ 
ber  of  times.  Let  M  N  ie  an  homologous  side  of  the 
given  fgurcj  Jig.  38,  plate  7. 

1.  Draw  the  indefinite  hne  B  Z.  2.  At  any  point 
Uy  raise  D  A  perpendicular  to  B  Z.  3.  Make  B  D 
equal  to  M  N,  and  B  C  as  many  times  a  multiple  of 
B  D,  as  the  required  figure  is  to  be  of  the  given  one. 

4.  Bisect  B  C,  and  describe  the  semicircle  B  A  C. 

5.  Draw  AC,  B  A.  6.  Make  A  E  equal  M  N.  7- 
Draw  E  F  parallel  to  B  C,  and  E  F  will  be  the  ho. 
mologous  side  of  the  required  figure. 

Problem  65.  To  reduce  a  complex  figure  from 
one  scale  to  another,  mechanically^  by  means  of 
squares,  fg.  39,  plate  7- 

1.  Divide  the  given  figure  A  by  cross  lines  into  as 
many  squares  as  may  be  thought  necessary.  2.  Di- 
vide another  paper  B  into  the  same  numbcrof  squares, 
either  greater,  equal,  or  less,  as  required.^  3.  Draw 
in  every  square  what  is  contained  in  the  correspon- 
dent square  of  the  given  figure,  and  you  will  obtain 
a  copy  tolerably  exact. 

Problem  QQ.  To  enlarge  a  map  or  plan,  and 
make  it  twice,  three,  four,  or  five,  S^c.  times  larger 
than  the  original,  fig.  12,  plate  8. 

]  •  Draw  the  indefinite  line  a  b.  2.  Raise  a  per- 
pendicular at  a.  3.  Divide  the  original  plan  into 
squares  by  the  preceding^ problem.  4.  Taike  the  side 
of  one  of  the  squares,  which  set  off  fronii  a  to  d,  and 
on  the  perpendicular  from  a  to  e,  finish  the  square 
a  e  f  d,  which  is  equal  to  one  of  the  squares  of  the 
proposed  plan.  5.  Take  the  diagonal  de,  set  it  o^ 
from  m  to  g,  and  from  a  to  I ;  complete  the  square 
a  I  n  g,  ana  it  will  be  double  the  square  a  e  f  d.  To 
find  one  three  times  greater^   take  dg,   and  with 


1B8  CURI0U6    PROBLEMS    ON   THE 

that  extent  form  the  square  am  oh,  which  will  be 
the  square  required.  With  dh  you  may  form  it 
square  that  will  contain  the  given  one  aefd  four 
times.  The  line  d  1  gives  a  square  five  times  larger 
jhan  the  original  square. 

Problem  Q7.  To  reduce  a  map  ^,  4rf,  \th,  ±th, 
^c.  of  the  original^  Jig.  5,  plate  8. 

1  i  Divide  the  given  plan  into  squares  by  problem 
60.  2r  Draw  a  line,  on  which  set  off  from  A  to  B 
pne  side  of  one  of  these  squares.  3.  Divide  this  line 
jnto  two  equ^l  parts  at  F,  and  on  Fas  a  centre,  with 
F  A  or  F  B,  describe  the  semicircle  A  H  B, 

4,  To  obtain  4-  the  given  square,  at  F  erect  the 
perpendicular  F  H,  and  draw  the  right  line  A  H, 
which  will  be  the  side  of  the  required  square.  5. 
For  4rd,  divide  A  B  into  three  parts,  take  one  of  these 
parts,  set  it  oft'  from  A  to  C,  at  C  raise  the  perpen-p 
dicular  C  I,  through  I  draw  A  I,  and  it  will  be  th^ 
side  of  the  required  square.  6.  For  4th,  divide  A  B 
into  four  equal  parts,  set  off  one  of  these  from  B  to 
E,  at  E  make  E  G  perpendicular  to  A  B,  join  B  G, 
and  it  will  be  the  side  of  a  square  4th  of  the  given 
pne, 

Problem  6%.  To  make  a  map  or  plan  inpropor^ 
Hon  to  a  given  one,  ex.  gr.  as  three  to  Jive,  Jig.  6, 
plate  8. 

The  original  plan  being  divided  into  squares,  1 . 
draw  A  M  equal  to  the  side  of  one  of  the^  squares. 
2.  Divide  A  M  into  five  equal  parts.  3.  At  the  third 
division  raise  the  perpendicular  CD,  and  draw  ADj 
which  will  be  the  side  of  the  required  square. 

Problem  69.  To  reduce  figures  by  the  angle  of 
reduction.     Let  a  b  Je  the  given  side  on  which  it  is 
required  to  construct  ajigure  similar  to  ACDEB, 
fg,  1,  2,  3,  plate  8. 

1 .  Form  ah  angle  L  M  N  at  pleasure,  and  set  off 
the  side  AB  from  M  to  I.  2.  From  I,  with  al),  cut 
M  L  in  K.  3.  Draw  the  line  I  K,  and  several  lines 
parallel  to,  arid  on  botl^  sides  of  it.    The  anglq 
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Ij  M  N  is  called  the  angle  of  proportion  or  reduction. 

4.  Draw  the  diagonal  lines  BC,  AD,  AE,  B  D. 

5.  Take  the  distance  B  C,  and  set  it  off  from  M  to- 
wards L  on  ML.  6.  Measure  its  corresponding 
line  K  !•  7-  From  b  describe  the  arc  n  o,  8.  Now 
take  A  C,  set  it  off  on  M  L,  and  find  its  correspon- 
dent Hne  f  g.  p.  From  a,  with  the  radius  f  g,  cut 
the  former  arc  n  o  in  c,  and  thus  proceed  till  you 
have  completed  the  figure. 

Problem  70.  To  enlarge  ajigure  by  the  angle  of 
reduction*  Let  Vihcde  be  t/ie  givenjigurcy  and  A  B 
the  given  side^  Jig.  3,  1,  and  4,  plate  8. 

1.  Form,  as  in  the  preceding  problem,  the  angle 
L  M  N,  by  setting  off  a  b  from  M  to  H,  and  frooi 
H  with  A  B,  cutting  M  L  in  I.  2.  Draw  H  I,  and 
parallels  to,  and  on  both  sides  of  it.  3.  Take  the 
diagonal  b  c,  set  it  off  from  M  towards  N,  and  take 
off  its  corresponding  line  q  r.  4.  With  q  r  as  a  radius 
on  B  describe  the  arc  m  n.  5.  Take  the  same  cor^ 
respondent  line  to  a  c,  and  on  A  cut  m  n  in  C,  and 
po  on  for  the  other  sides, 

CUfelOUS   PROBLEMS   ON  TIJE    DIVISION    OF   LINES 

AND   CIRCLES. 

Problem  71.'  To  cut  off  from  any  git  en  arc  of 
a  circle  a  third,  a  fifth,  a  seventh,  <§pc.  odd  parts, 
and  thence  to  divide  that  arc  into  any  number  of 
equal  parts,  fg.  7,  plate  8, 

Example  1.  To  divide  the  arc  A  KB  into  three 
equal  parts^  C  A  being  the  radius,  and  C  the  centre 
of  the  arc. 

Bisect  A  B  in  K,  draw  the  two  radii  C  K,  C  B, 
and  the  chord  A  B  ;  produce  A  B  at  pleasure,  and 
inake  B  L  equal  A  B  ;  bisect  A  C  at  G  ;  then  a  rule 
on  G  and  L  will  cut  C  B  in  E,  and  B  E  will  be  4.d, 
^nd  CE^ds  of  the  radius  CB;  on  CB  with  CE 
^eacribe  the  arg  E  eD;  lastly,  set  off  the  extent  E  « 
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or  I)  e  from  B  to  a^  and  from  a  to  b^  and  the  ar^ 
A  K  B  will  be  divided  into  three  equal  parts. 

Corollary.  Hence  having  a  sextant,  quadrant^ 
&c.  accurately  divided,  -J.  the  chord  of  any  arc  set  off 
upon  any  other  arc  of  4-  that  radius  will  cut  off  an  arc 
similar  to  the  first,  and  containing  the  same  number 
of  degrees.  < 

:■  Also  ^5  -i-th,  ^th,  &c.  of  a  larger  chord  will  con- 
stantly cut  similar  arcs  on  a  circle  whose  radius  is  yd, 
^th,  4-th,  &c.  of  the  radius  of  the  first  arc. 

Example  2.  Let  it  be  required  to  divide  the  arc 
A  K  B  into  five  equal  parts,  or  to  find  the  4-th  part 
of  the  arc  A  B. 

Having  bisected  the  given  arc  AB  in  K,  and 
drawn  the  three  radii  C  A,  C  K,  C  B,  and  having 
found  the  fifth  part  of  I B  of  the  radius  C  B,  with 
radius  C  I  describe  the  arc  I  n  M,  which  will  be 
bisected  in  n,  by  the  line  C  K ;  then  take  the  extent 
I  n,  or  its  equal  M  n,  and  set  it  off  twice  from  A  to 
B ;  that  is,  first,  from  A  to  d,  and  from  d  to  o,  and 
o  B  will  be  4^th  of  the  arc  AB.  Again,  set  off  the 
same  exteiiit  from  B  to  m,  and  from  m  to  c,  and  the 
arc  AB  will  be  accurately  divided  into  five  equal 
parts. 

Example  S.  To  divide  the  given  arc  AB  into, 
seven  equal  parts.  A  B  being  bisected  as  before,  and 
the  radii  C  A,  C  K^  C  B,  drawn,  find  by  problem  Q 
the  seventh' mrt  PB  of  the  radius  CB,  and  with 
the  radius  C  r,  describe  the  arc  P  r  N  ;  then  set  off 
the  extent  P  r  twice  from  A  to  3,  and  from  3  to  6, 
and  6  B  will  be  the  seventh  part  of  the  given  arc  AB; 
the  compasses  being;  kept  to  the  same  opening  P  r, 
set  it  from  B  to  4,  irom  4  to  1  ;  then  the  extent  A  1 
tirill  bisect  1,  3  into  2,  and  4,  6  into  5  ;  and  thus 
divide  the  given  arc  into  seven  equal  parts. 

Probi£m  72.    To  inscribe  a  regular  heptagon  in 
a  circle^  Jig.  8,  plate  8. 

^^fS*  ^y  ^^^  t^^  arc  B  D  be^thpart  of  the  given: 
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'drcle,  and  A  B  the  radius  of  the  circle.  Divide  A  B 
into  eight  equal  parts^  then  on  centre  A,  with  radius 
A  C,  deKribe  the  arc  C  E^  bisect  the  arc  B  D  in  a^ 
mad  set  off  this  arc  B  a  from  C  to  b,  and  from  b  to  c;^ 
then  through  A  and c dravr  Ace,  cutting  B D  in  e^ 
and  Be  will  be  4th  part  of  the  given  circle. 

Corollary/  l .  Hence  we  have  a  method  of  finding 
the  seventh  part  of  any  given  angle ;  for^  if  from  the 
eictremities  of  the  given  arc>  radii  be  drawn  to  the 
centre^  and  one  of  these  be  divided  into  eight  equal 
parts,  and  seven  of  these  parts  be  taken^  and  another 
arc  described  therevnth,  the  greater  arc  will  be  to  the 
lesser,  as  8  to  7^  and  so  of  any  other  proportion. 

Corollary  2.  If  ao  arc  be  descrihea  with  the  ra- 
dius, .  it  will  be  equal  to  the  4-th  part  of  a  circle  whosp 
radius  is  A  B,  and  to  the  seventh  part  of  a^  circle 
whose  radius  is  A  C,  and  to  the  sixth  part  of  a  circle 
whose  radius  is  A  L,  &c. 

Corollary  3.  Hence  also  a  pentagon  may  be  de- 
rived from  a  hexagon,  ^g.  Q,  plate  8.  Let  the  given 
circle  be  A  B  C  D  E  F,  in  which  a  pentagon  is  to  be 
inscribed ;  with  the  radius  AC  set  off  A  F  equal  4th 
of  the  circle,  divide  A  C  into  six  equal  parts  ;  then 
C  G  will  be  five  of  these  parts;  with  radius  C  6  de- 
scribe the  arc  G  H,  bisect  A  F  in  q,  and  make  G  p 
und  p  H  each  equal  to  A  q ;  then  through  C  and  H 
draw  the  semi^diameter  C  w>  cutting  the  given  circle 
in  w,  join  A  w,  and  it  will  be  one  side  of  the  re^ 
quired  pentagon. 

Corollary  4.  Hence  as  radius  divides  a  circle  into 
six  equal  parts,  each  equal  60  degrees,  twice  radius 
gives  120  degrees^  or  the  third  part  of  the  circum- 
ference. 

Once  radius  gives  60  degrees,  and  that  ai-c  bisected 
gives  30  degrees,  which,  added  to  60,  divides  the 
circumference  into  four  equal  parts  ;  whence  we 
divide  it  into  two,  three,  four,  five,  six  equal  parts  ; 
the  precediiig  corollary  divides  it  into  five  equal  parts, 
the  ^rc  of  a  quadrant  bisected  divides  it  into  eight 
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equal  parts.  By  problem  7 1  we  obtain  the  seventh 
part  of  a  circle,  and  by  this  method  divide  it  into  any 
number  of  equal  parts,  even  a  prime  number ;  for 
the  odd  unit  maybe  cut.  offby  the  preceding  problem, 
and  the  remaining  part  be  subdivided  by  continnat 
bisection,  till  another  prime  number  arises  to  be  cut 
off  in  the  same  manner. 

Problem  73.  To  divide  a  given  right  linCy  or  an 
arc  of  a  tircle^  into  any  number  of  equal  parts  by  the 
help  of  a  pair  of  beam^  or  other  compasses^  the  dis- 
tance  of  whose  points  shall  not  be  nearer  to^each 
other  than  the  given  line,fg.  11,  plate  8. 

From  this  problem,  published  by  Ciavius,  the 
Jesuit;  in  l6ll,  in  a  treatise  on  the  construction  of 
a  dialling  instrument,  it  is  presumed  that  he  was  the 
original  inventor  of  that  species  of  division,  called 
NoniuSi  and  which  by  many  modern  mathematicians 
has  been  called  the  scale  of  Vernier. 

Let  A  B  be  the  gi>^n  line,  or  circular  arch,  to  be 
divided  into  a  number  of  equal  parts.  Produce  thedft 
at  pleasure ;  then  take  the  extent  A  B,  and  set  it 
off  on  the  pi-olonged  line,  as  many  times  as  the  given 
line  is  to  be  divided  into  smaller  parts,  B  C,  C  D, 
DE,  EF,  FG.  Then  divide  the  whole  line  AG 
into  as  many  equal  parts  as  are  required  in  A  B,  as 
G  H,  HI,  IK,  K  L,  LA,  each  of  which  contains 
the  given  line,  and  one  of  those  parts  into  which  the 
given  line  is  to  be  divided.  For  A  G  is  to  A  L  as 
A  F  to  A  B  ;  in  other  words,  A  L  is  contained  five 
times  in  A  G,  as  A  B  in  A  F ;  therefore,  since  A  G, 
contains  A  F,  and  -5-th  of  A  B  ;  therefore  B  L  is  the 
4th  of  A  B.  Then  as  G  H  contains  A  B  plus  F  H, 
which  is  ith  of  A  B,  E  I  will  be  ^ths  of  A  B,  D  K 
4-ths,  C  L  4-ths,  Therefore,  if  we  set  off  the  interval 
G  H  from  F  and  H,  we  obtain  two  parts  at  L  and  I, 
set  off  from  the  points  near  E,  gives  three  parts  be- 
tween D  K,  from  the  four  points  at  D  and  K,  gives 
four  parts  at  C  L,  and  the  next  setting  off  one  more 
pf  these  parts; .  so  that  lastly^  the  extent  G  H  set  <ff 
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from  the  paints,  between  C  and  L^  divides  the  given 
line  as  required. 

To  divide  a  given  Vine  A  C,  or  arc  of  any  circle, 
into  any  number  of  eqtial  parts,  supfH)6e  30,  Jig.  11, 
plate  8. 

1  •  Divide  it  into  any  number  of  equal  parts  less 
than  30,  yet  so  that  they  may  be  aliquot  parts  of  30; 
as  for  example,  A  G  is  divided  into  six  equal  parts, 
AB,  BC,  CD,  DE,  El?,  FG,  each  of  ^Irhich 
are  to  be  subdivided  into  five  equal  parts,  2.  Divide 
the  first  part  A  B  into  five  parts,  by  means  of  the  in- 
terval A  L  or  G  H,  as  taught  in  this  problem.  If, 
now,  one  foot  of  the  compasses  be  put  into  the  point 
A,  (the  extent  AL  remaining  between  them  unal- 
tered,) and  then  into  the  point  next  to  A,  and  so  on 
to  the  next  succeeding  point,  the  whole  line  A  G  will 
be  divided  by  the  other  foot  of  the  compasses  into  30 
equal  parts. 

Or  if  the  right  line,  or  arc,  be  first  divided  into  . 
five  equal  parts,  each  of  these  must  be  subdivided 
into  six  parts,  which  may  be  efiected  by  bisecting 
each  part,  and  then  dividing  the  halves  into  three 
parts. 

Or  it  may  be  still  better  to  bisect  three  of  the  first 
five  parts,  and  then  to  divide  four  of  jthese  into  three^ 
which  being  set  off  from  every  point,  will  complete 
the  division  required. 

Corollary.     It  frequently  happens  that  so  many 
small  divisions  are  required,  that,  notwithstanding"" 
their  limited  number,   they  can   be   hardly  talcen 
between  the  points  of  the  eompasses  without  error ; 
in  this  case  use  the  following  method. 

If  the  whole  number  of  smaller  parts  can  be  sub'« 
divided,  take  so  many  of  the  small  parts  in  the  given 
line,  as  each  is  to  be  subdivided  into,  yet  so  that  they 
may  together  make  up  the  whole  of  the  given  line. 
For  if  the  first  of  these  parts  be  cut  into  as  many 
smaller  parts  as  the  proposed  number  requires  every 
one  of  them  to  contain,  imd  the  same  is  also  done  in 
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the  remaining  pattSy  we  shall  obtain  the  given  num^ 
ber  of  smaller  parts. 

If  84  parts  are  to  be  taken  in  the  proposed  line^ 
0Tst  bisect  it,  and  each  half  will  contain  42 ;  bisect 
these  again,  and  you  have  four  parts,  each  of  which 
is  to  contain  21;  and  these,  divided  into  three,  give 
1-2  parts,  each  of  which  is  to  contain  seven  parts  t 
subdivide  these  into  seven  each. 

But  if  the  proposed  number  of  small  parts  cannot 
be  thus  subdivided,  it  will  be  necessary  to  take  a 
number  a  little  less  or  greater,  that  will  be  capable 
of  snbdivisioi\ ;  for  if  the  superfluous  parts  are  re* 
jccted,  or  those  wanting,  added,  we  shall  obtain  the 
proposed  number  of  parts.  Thus  if  74  parts  are  to 
be  cut  from  any  given  line  of  80  parts ;  l  •  Bisect  the 
given  line,  and  each  ^  will  contain  40.  2.  Bisect 
these  again,  and  you  have  four  parts  to  contain  20 
each.  3.  Each  of  these  bisected,  you  have  eight 
parts  to  contain  10  each.  4.  Bisect  these,  and  you 
obtain  l6  parts,  each  to  be  divided  into  five  parts 
6.  Reject  six  of  the  parts,  and  the  remainder  is  the 
74  parts  proposed. 

Or  if  72  parts  be  proposed  ;  divide  the  line  into 
24  equal  pairts,  and  each  of  these  into  three  parts, 
and  you  obtain  7^ ;  to  which  adding  two,  you  will 
obtain  the  number  of  74. 

Problem  74.  To  cut  off  from  the  circumference 
of  anjf  given  arc  (f  a  circle  any  number  of  degrees 
eitd  minutes  J  Jig.  3,  plate  Q. 

1 .  Let  it  be  proposed  to  cut  off  from  any  arc  57 
degrees  ;  with  the  radius  of  the  given  arc,  or  circle^ 
describe  a  separate  areas  A  B,  and  having  set  off  the 
radius  from  A  to  C,  bisect  A  C  in  £,  then  A£  and 
£  C  will  be  each  of  them  an  arc  of  30  degrees.  Make 
(C  B  equal  to  AE,  and  AB  will  be  a  quadrant,  or 
go  degrees,  and  will  also  be  divided  into  three  equal 
-parts ;  next,  divide  each  of  these  into  three  by  the 
preceding  rules,  and  the  quadrant  will  be  divide4 
into  nine  equal  parts^  each  containing  10  degreeib 
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iiastly^  divide  the  first  of  the^e  jnto  10  degrees^  then 
set  one  foot  of  the  compasses  into  the  third  single 
degree,  and  extend  the  other  to  the  6oth^  and  the 
distance  between  the  points  of  the  compasses  will 
contain  57  degrees,  which  transfer  to  the  given  arc. 
Or  at  two  operations ;  first,  take  5Q  degrees,  and 
Aen  from  the  first  10  take  seven,  and  you  have  5/ 
degrees. 

2.  Let  it  be  required  to  cut  off  from  any  given  aro 
of  a  circle  45  degrees,  53  minutes,  ^g.  3,  plate  Q. 

Divide  the  arc  of  53  degrees  of  the  quadrant  AB, 
whose  radius  is  A  C  (or  rather  its  equal  arc  FG)  into 
6o  equal  parts,  first  into  5,  and  then  one  of  these 
into  tliree ;  or  first  into  three,  and  one  of  these  into 
five.  Again,  one  of  these  bisected,  and  this  bisec-* 
tion  again  bisected,  gives  the  6oth  part  of  an  arc  of 
53  degrees. 

For  the  5th  part  of  the  arc  F  G  is  F  H,  con- 
taining 12  parts;  its  third  part  is  FI  containing 
four  parts  ;  the  4-  <^f  F I  is  N,  which  contains  two 
parts ;  and  F  N  again  bisected  in  K,  leaves  F  K  the 
OOth  part  of  the  arc  F  G ;  consequently,  F  K  com-- 
prebends  53  minutes  ;  therefore,  add  the  arc  F  K 
to  45  degrees,  and  the  arc  AF  will  contain  45  de* 
grees  53  minutes. 

Corollary.  If  we  describe  a  separate  arc  L  M  witK 
the  radius  A  C,  and  set  off  thereon  the  extent  L  M 
of  6l  degrees  of  the  given  arc  A  B,  and  divide  L  M 
-into  6o  equal  parts ;  thus,  first  into  two,  then  both 
of  these  into  three,  and  then  the  first  of  these  three 
into  10  by  the  former  rules,  which  gives  the  6oth 
part  of  the  arc  L  M.  And  as  one  division  of  the  arc 
L  M  contains  by  construction  one  degree  of  the  qua* 
drant  A  B,  and  one  sixtieth  part  of  a  degree  more, 
that  is,  one  minute,  therefore  two  divisions  of  L  M 
contain  two  degrees,  and  two  minutes  over ;  three 
divisions  exceed  three  degrees  by  three  minutes,  and 
^o'  of  all  the  rest. 

Whence  if  one  division  of  L  M  be  set  off  from  an^ 
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degree  on  AB,  it  will  add  one  minute  to  that 
degree;  two  adds  two  minutes;  three,  three  minutes^ 
and  so  on. 

When  the  division  is  so  small  that  the  compassed 
will  hardly  take  it  in  without  error,  take  two,  threo, 
four,  or  more  of  the  parts  on  L,  set  them  off  from 
as  many  degrees  back  from  the  degree  intended,  and 
you  will  obtain  the  degree  and  minute  required. 

Problem  75.  To  divide  a  circle  into  any  uneven 
munber  of  equal  parts. 

E.vample  1 .  Let  it  be  required  to  divide  a  circle 
into  346-1-  equal  parts. 

Reduce  the  wnole  into  3d  parts,  which  gives  us 
1040  ;  find  the  greatest  multiple  of  3  less  than  1040, 
which  may  be  bisected ;  this  number  will  be  found 
in  a  double  geometrical  progression,  whose  first  term 
is,  as  in  the  margin ;  7^8  the  ninth  number,  is  the 
number  sought,  as  in  the  margin.     Subtract  798 
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from  1040,  the  remainder  is  272,  then  find  S 
how  many  degrees  and  minutes  this  remainder  6 
contains  by  the  rule  of  three.  As  1 040  is  to  12 
360  degrees,  so  is  272  to  94®  9'  23".  Now  24 
set  off  94^  9'  23''  upon  the  circle  to  be  divided;  48 
and  divide  the  remaining  part  of  that  circle  96 
by  continual  bisections,  till  you  come  tb  the  1 92 
number  3,  which  will  be  one  of  the  required  384 
divisions  of  the  346  equal  parts,  by  which  768 
dividing  the  arc  of  94°  Q'  23"  you  will  have  the  whole 
circle  divided  into  34&§.  equal  parts ;  for  there  will 
be  256  divisions  in  the  greatest  arc^  and  90§.  in  the 
other. 

Example  2.  Let  ]t  be  required  to  divide  a  circle 
into  179  equal  parts.  Find  the  greatest  number  not 
exceeding  179>  which  may  be  continually  bisected 
to  unity,  which  you  will  find  to  be  128.  Subtract 
128  from  ]799  the  remainder  is  51  ;  then  find  what 
part  of  the  circle  tliis  remainder  will  occupy  by  the 
following  proportion,  as  179  is  to  36o,  so  is  51 
to  102®  ZA  J  i''  J  set  oflFfrom  the  circle  an  ^rc  of  102^ 
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94^.  1 1'\  and  divide  the  remaining  part  of  the  circle 
by  Continual  bisections^  seven  of  which  will  be  unity 
in  this  example ;  by  which  means  this  part  of  the 
circle  will  be  divided  into  118  equal  parts,  and  the 
remaining  5 1  may  be  obtained  by  u^ine  as  many  of 
the  former  bisections  as  the  space  will  Contain,  so 
that  the  whole  circumference  will  be  divided  into  1 79 
equal  parts. 

Example  3.  Let  it  be  required  to  divide  a  circle 
into  291  equal  parts,  to  represent  the  days  of  th6 
moon's  age.  , 

Reduce  the.given  number  into  halves,  which  gives 
59  parts ;  seek  the  greatest  number,  not  exceeding 
59,  which  may  be  continually  bisected  to  unity^ 
which  you  will  find  to  be  32«  Subtract  this  from 
59,  the  remainder  is  27  ;  and  find,  as  before,  the 
angle  equal  to  the  remainder  by  this  proportion,  as 
59  is  to  360,  so  is  27  to  XQa""  44^  44" ;  set  off  \Q4^ 
AA!  44'',  divide  the  remaining  part  of  the  circle  by 
continual  bisections^  which  will  divide  this  portion 
into  32  parts,  and  from  that,  the  rest  into  174^,  mak- 
ing 294^  parts,  as  required. 

Example  4.  Let  it  be  required  to  divide  a  circle 
into  365^  b'  49''  equal  parts,  the  length  of  a  tropical 
year. 

Reduce  the  whole  into  minutes,  which  will  be 
525949 ;  then  seek  the  greatest  multiple  of  1440, 
the  minutes  in  a  solar  day,  that  may  be  halved,  and 
is  at  the  same  time  less  than  525949 ;  this  you  will 
find  to  be  36840,  which  subtracted  from  525949, 
leaves  157309*  To  find  the  number  of  degrees  that 
is  to  contain  this  number,  use  the  following  propor- 
tion ;  as  525949  is  to  157309  multiplied  by  3 60,  so 
is  157309  to  107*  40^  27^^  49;''. 

Now  set  off  the  angle  of  107^  40'  27"  49"'  upon  the 
circle  to  be  divide^,  and  divide  the  remaining  part 
of  that  circle  by  continual  bisections,  till  you  come 
to  the  number  ^440^  which  in  this  case  is  unity,  or 
one  natural  solar  day ;  by  which^  dividing  the  arc  of 


gS  CuftfOUa  PROBLEMS  OK  tftie 

107"*  40'  IT"  49"^,  the  whole  circle  will  be  divided 
into  305^  5'  4Q";  for  there  will  be  256  divisions,  of 
days,  in  the  greater  arc^  and  109^  5'  A^'  in  the  lessef 
a^rc. 

Esample  5-  Let  it  be  required  to  divide  4  circle 
in  3654  equal  parts;  which  is  the  quantity  of  a. 
Julian  year. 

Reduce  the  whole  into  four  parts,  which  gives  as 
146 1;  1024  is  the  greatest  multiple  of  2,  less  than 
146] ;  when  subtracted  from  I461,  we  have  for  a 
remainder  437.  Then  by  the  following  proportion, 
as  1461  is  to  437  X  360,  so  is  407  to  107^  40^  46'' 
49"',  the  degrees  to  be  occupied  by  .this  remainder. 

Set  off  an  angle  of  107^  40'  47^^  upon  the  circle  to 
be  divided,  and  divide  the  remaindfer  by  continual 
bisections,  until  you  arrive  at  unity,  by  which  divid- 
ing the  arc,  you  wilt  have  the  whole  circle  divided 
into  3654- parts. 

Problem  76.  To  divide  a  quadrant^  of  circle y 
into  degrees y  Jig.  10,  plate  .8. 

Let  A  B  be  the  quadrant,  C  the  centre  thereof. 
With  the  radius  A  C  intersect  the  tNvo  arcs  A  D, 
BE,  and  the  quadrant  will  be  divided  into  three 
equal  parts,  each  equal  to  30  degrees ;  then  divide 
each  of  these  into  five  parts,  by  the  preceding  rules, 
.  and  the  quadrant  is  divided  into  15  equal  parts ;  bi- 
sect these  parts,  and  then  subdivide  as  alrc^ady  di- 
rected, and  the  quadrant' will  be  divided  into  90  de- 
grees. Other  methods  will  be  soon  explained  more 
at  large. 

Problem  77.  To  find  what  part  any  smaller  llnd 
or  arc  is  of  a  greater,  as  for  example,  any  angle  is 
of  a  semicircle. 

Take  the  smaller  with  a  pair  of  compasses,  and 
with  this  opening  step  the  greater.  With  the  re- 
mainder, or  surplus,  step  one  of  the  former  steps ; 
with  the  remainder  of  this,  step  one  of  the  last  steps, 
setting  down  the  number  of  steps  each  time.  About 
five  times  will  measure  angles  to  five  seconds. 
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.Then  to  find  the  fraction,  expressing  what  part 
of  the  whole  the  smaller  part  is, 

Suppose  the  number  of  steps  ^ach  time  to  be 
e.  d.  c.  b.  a. 

g.  7.  8.  i.  5.     Then  5  >t  2  -f  1  =  U,  and  11   X 
ft  +  5  =  93,  and  93  X  7  +  1 1  =  6b'2,  and  692  ^ 

^  9  +  93  =  605 1 ;  so  that  '^fij^v  i^  ^he  fractioa  M 

required.  ' 

If  we  call  the  number  of  steps  a  b  c  d  e  begin-^ 
ning  at  the  last,  the  rule  may  run  thus  :  multiply 
a  by  b,  and  add  1 ;  multiply  that  sum  by  c,  and 
add  a  ;  multiply  this  sum  by  d,  and  add  the  prp» 
ceding  sum  ;  multiply  this  sum  by  e,  and  add  the 
preceding  sum ;  then  the  two  last  sums  are  the 
terms  of  the  fraction^  d.  e.  b.  a. 

Example  1,  Suppose  the  steps  are  3.  5«  1.  9.  then 
9  X  1  +  I  =  10,  10  X  5  +  9  =?  59,  anl  59  X  3 
+  10  =s  1 87 ;  hence  the  terms  are  -^.  Now  180^ 
X  59  =  106ab,  this  divided  by  187  gives  56^  with 
a  remainder  of  148,  148  X  60  =  S880,  VrV%  S'^^* 
47>  &c,  so  that  the  measure  required  is  5(5°  47'  1Q'\ 

Example  3.  Take  a  semicircle  three  inches  radius 
and  let  the  angle  be  2  in  1  ;  then  the  steps  will  be  ; 

4,  2,  1,  2,  3,  2,  the  answer  4lM0'  50"  g"\ 

The  whole  circle,  continu^sd  and  stepped  with  th^ 
same  openings  gave  8.  !•  3.  2.  3.  for  the  same,  yet 
the  answers  agreed  to  the  tenth  of  ^  second.* 

*  The  following  is  the  most  pimple  method  by  a  true  sector,  or 
iSiTidiog  the  circle  into  any  odd  or  e^en  number  of  equal  part?. 

When  the  given  number  of  e^ual  parts  are  even,  and  can  be 
divided  into  %  3,  4,  &c.  the  operation  will  be  easy  from  the 
4ir6Ction8  alre^y  given,  but  when  the  ^iveQ  number  is  odd,  as 
5d5,  59,  or  31,  the  difficulty  of  dividing  is, great  and  operosc  hf 
the  compasses  only,  and  the  following  Iiad  best  be  used.  Ridc^ 
From  the  given  number  of  odd  citvisionji  or  parts,  subtract  as  ipany 
Irom  it  as  will  reduce  it  to  an  even  number,  which  may  bo 
bisected,  trisected,  quartered,  &(^  Then  as  ^he  whole  n.umbef 
#f  parts  into  which  the  circle  is  to  be  divided,  is  to  360,  ^o  is  the 
liumber  of  parts  subtracted,  to  the  number  of  degrees  and  part^ 
^contained  in  the  arc,  in  which  they  must  be  divided.  ExamplCf 
^oppose  it  be  required  to  divide  a  circle  into  365  equal  parts,  su)^y 


;■ 
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•  •  •  » 

^  By  the  same  method  any  given  line  may  be 
measured^  and  the  proportion  it  bears  to  any  other 
straight  line  found.  Or  it  will  give  the  exact  value 
of  any  straight  line,  ex.  gr.  the  opening  of  a  pair  of 
compasses,  by  stepping  any  known  given  line  with 
it,  and  this  much  nearer  ihan_  the  eye  can  discern^ 
by  comparing  it  zcit^  any  other  line,  as  a  Joot,  a 
yard,  ^c. 

This  method  will  be  found  more  accurate  than  by 
scales  or  even  tables  of  sines,  tangents,  &c.  because 
the  measure  of  a  chord  cannot  be  so  nicely  deter- 
mined by  the  eye  with  extreme  exactness. 

There  may  be  some  apparent  difficulty  attending 
the  rule  when  put  in  practice,  it  being  impossible  to 
assign  any  example  which  another  person  can  repeat 
with  perfect  accuracy,  on  account  of  the  inequality 
in  the  scales,  by  which  the  same  steps,  or  line,  will 
be  measured  by  different  persons.  There  will,  there- 
fore, be  always  some  small  variation  in  the  answer; 
it  is  however,  demonstrably  true,  that  the  answer 
given  by  the  problem  is  most  accurately  the  measure 

tract  5  of  those  parts,  and  the  remainder  will  be  360»  which  may 
first  be  dmded  into  6,  then  each  into  6,  and  thefe  last  each  into 
10,  equal  in  the  whole  S60.  Now  as  365  :  360 ::  5  :  493.  Thea 
take  the  length  of  the  semidiameter  of  the  given  circle  in  your 
compasses,  open  the  sector  to  that  extent  from  60  to  60  on  the 
Ime  of  Chords ;  take  then  the  distance  across  frt>m  4.93,  on  each, 
i)n  tlie  same  line;  apply  that  on  the  peripheiy  of  the  drde, 
divide  that  arc  into  5  ^qual  parts,  and  the  remainder  of  the 
icircle  into  360  parts  as  above  directed,  and  the  whole  circle  will 
be  divided  into'  365  eoual  parts  as  required.  2d.  Suppose  59  to 
be  the  given  odd  numbers  to  divide  a  circle,  59  -*  9  =  50.  Then 
as  59 :  360 ::  9 :  to  54.9,  or  547Vths,  the  distance  to  be  taken  on  the 
periphery,  which  is  to  be  divided  into  9equal  parts,  and  the  rest  into 
50,  by  first  into  5,  and  each  of  them  into  10.  This  number  will 
serve  for  the  moon^s  age  or  revolution^  29 i  days,  or  the  revolu- 
tions from  change  to  change.  3d.  Suppose  3J  the  given  number, 
31  —  1  =  30.  As  31  :  360  ::  1  i  11.61,  or  which  is  near  enough, 
11.6,  which  is  the  odd  part  to  be  taken  on  the  sector  and  set  offon 
the  peripherv,  and  the  rest  first  into  6  parts,  and  each  of  those 
into  5,  which  will  make  the  required  number  of  equal  parts  ST, 
^d  be  answerable  to  the  divisions  of  the  common  month-day 
circle  in  clocks.    Edit. 
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\]i  the  given  angle,  although  you  can  never  delineate 
linother  angle,  or  line,  exactly  equal  to  the  given  one, 
first  measured  by  way  of  example,  aiid  this  arising 
from  the  inequality  of  our  various  scales,  our  inatten- 
tion in  measuring,  and  the  imperfection  of  our  cyes« 
Hence,  though  to  all  appearance  two  angles  may  ap- 
pear perfectly  equal  to  each  other,  this  method  will 
give  the  true  measure  of  each,  and  assign  the  minutest 
diflference  between  them. ' 

Figure  1,  plate  9,  will  illusti^te^clearly  this  me- 
thod ;  thus,  to  measure  the  angle  A  C  B,  take  A  B 
between  your  compasses,  and  step  B  a,  a  b,  b  cj 
there  will  be  c  D  over. 

Take  c  D^  and  with  it  step  A  e,''e  f,  and  you  will 
have  f  B  over ;  with  this  opening  step  A  g,  g  h,  and 
you  will  havn  h  e  over,  and  so  on. 

Problem  78.  To  divide  a  large  quadrant  or 
circle. 

We  shall  here  give  the  principal  methods  used 
by  instrument-makers,  before  the  publication  of  Mr. 
Bird's  method  by  the  Board  of  Longitude,  leavinj 
it  to  artists  to  judge  of  their  respective  merits,  an< 
to  use  them  separately,  or*  combine  them  toge- 
ther, as  occasion  may  require;  avoiding  a  minute 
detail  of  particulars,  as  that  will  be  found  when  we 
come  to  describe  Mr.  Bird^s  -  method.  It  will  b* 
necessary,  however,  previously  to  mention  a  fet* 
circumstances,  which,  though,  in  common  use,  had 
not  been  described  until  Mr.  Bird's  and  Mr.  Lud^ 
lanis  comments  thereon  were  published. 

^*In  all  mathematical  instruments,  divided  by 
hand,  and  not  by  an  engine,  or  pattern  ^  the  circles, 
or  lines,  which  bound  the  divisions  are  not  tho86 
which  are  actually  divided  by  the  compasses."" 

^'  A  faint  circle  is  drawn  yery  near  the  bounding 
circle;  it  is  this  that  is  originally  divided.  It  4ias 
been  termed  the  primitive  circle."* 

^^  The  divisions  made  upon  this  circle  are  faint 
arcS|  struck  with  the  beam  compasses ;  fine  points^ 


or  coitieal  holesi  are  oiadc  by  tl^e  prick  pun<^9  ^ 
pointing  tool^  at  the  points  wher^  these  arcs  crgsv 
the  primitive  circle ;  these  are  called  original  points*^ 

^'  The  visible  divi$ions  are  transferred  from  th^ 
original  points  to  the  space  between  the  bounding 
circles,  and  are  cut  by  the  beam  compasses ;  they 
are  therefore  al^rays  arcs  of  a  circle,  though  so  short, 
%s  not  to  be  distinguished  froQi  straight  lines.^ 

Method  I.  The  faint  or  primitive  arc  isfirststruck; 
the  exact  measure  of  th^  radius  thereof  is  then  ob- 
tained upon  a  standard  scale  with  a  nonius  division 
of  lOpO  parts  of  an  inch,  which  if  the  radius  exceed 
10  inches,  may  be  obtained  to  five  places  of  figure* 
This  meaisure  is  the  chord  of  6o.  The  other  chords 
pecessary  to.  be  laid  off  .are  computed  by  the  sub* 
joined  proportion,*  and  then  taken  off  from  the 
Standard  scale  to  be  laid  down  on  th^  quadrant* 

Set  off  the  chord  of  60^^,  then  add  to  it  the  ^hord 
of  30,  and  you  obtain  the  QOth  degree. 

Mr«  Birdf  to  obtain  90%  bisects  the  i^hord  of  6o^, 
and  then  sets  off  the  same  chord  from  30  to  90°,  and 
not  of  30  from  QqP  to  QO^  Some  of  the  advantages 
that  arise  ^om  this  method  are  these ;  for  whether 
tbe  cord,  of  30^  be  tgken  accurately  or  not  from  the 
flcale  of  equal  parts,  yet  the  arc  of  60  will  be  truly 
bisected,  (see  remarks  on  bisection  hereafter,)  and  if 
the  radius  unaltered  be  set  off  from  the  point  of  bi« 
section,  it  will  give  90  true;  but  if  the  chord  30,  as 
takep  fh)m  the  scale,  be  laid  off  from  60  to  90,  then 
an  error  in  t;hat  chord  will  inake  an  equal  error  in 
the  place  of  QO  \ 

Sixty  degrees  is  divided  into  three  parts  by  setting' 
off,  the  computed  chord  of  20  degrees,  and  the  whole 
quadrant  is  divide^  to  every  10  degrees,  by  setting 
off  the  same  extent  from  the  other  points* 

Thirty.degrees,  bisected  by  the  computed  chord 

*  As  the  radius  is  to  the  {^ven  4ngl0|  80  is  tht  msssure  of  tbf 
/radius  tp  half  the  required  ^ord. 
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♦f  15,  gives  15%  which  stepped  from  the  points 
already  founds  divides  the  quadrant  to  every  fifth 
4egrce. 

The.computed  chord  qf  6P  being  laid  off,  divides 
SO  degrees,  into  five  parts;  and  set  off  froni  the 
other  divisions',  subdivides  the  quadrant  into  single 
degrees* 

Thus  with  five  exteirts  of  the  beam  compasses^  and 
none  of  them  less  than  six  degrees^  the  quadrant  is 
divided  into  QO  degrees* 

.  Fifteen  d^rees  bisected,  gives  7^  30',  which  set, 
off  from  the  other  divisions^  divides  the  quadrant  into 
half  degrees. 

The  chord,  of  6®  40'  divides  20^  into  three  parts, 
and  set  off  from  the  rest  of  the  divisions,  divides  the 
whole  instrumesnt  to  every  ten  minutes.  • 

The  chord  of  10^  5'  divides  the  degrees  into  12 
parts,  each  equal  to  five  minutes  of  a  degree. 

Method  2.  The  chords  are  h^re  supposed  to  be 
computed  as  before,  and  takbn  off  from  the  nonius 
scale* 

1.  Radius  bisected  divide  the  quadrant  into  three 
parts,  each  equal  (0-30  degrees. 

2*  The  chord  of  icf  gives  nine  parts>  each  equal 
ta  10  degrees.  ,       . ". 

3«  Thirty  degrceif,  bisected  and  set  ofi^  fives  18 
parts,  each  equal  to  five  degrees. 

4.  Thirty  degrees  into  five,  by  the  chord  of  6° ; 
then  set  off  as  before  gives  qO  parts,  each  equal  to 
1  degree. 

5«  The  diord  of  ff  4ff  gives  270  p%rts>  each  equal 
to  20  minutes. 

6.  ^The  chord  of  7^  ao^  gives  540  parts>  each  equal 
to  10  minutes. 

7.  Thechordof  7^  45^  gives  lOSOparts,  each  equal 
to  five  minutes. 

Or  Method  3.    The  computed  chords  supposed. 

1 .  6o  into  -^  gives  3  parts,  equal  30^ 

2.  30         4  equal  15  6 15* 
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3.15  3     equal  5  is--.---     6* 

4.  30  5     equal  6  QO 1* 

5.  20  3     equal  &"  40'  270 20^ 

6.  15  4     equal  7""  SO'  940 lO' 

7.  15,  30    4.     equal  7°  45'         1080 5' 

Thus  may  the  practitioner  vary  his  numbers  for 

^ny  division  whatsoever,  and  yet  preserve  a  sufficient 
^xtcnt  between  the  points  of  his  compasses. 

*  If  the  quadrant  be  divided  as  above,  to  every  1 5 
4^ees,  and  then  the  con^pnted  arc  of  \6  degrees  set 
off,  this  arc  may  be  divided  by  continual  bisection 
ilito  single  degrees.  If  from  the  arc  of  45^  2^  20* 
be  takcn^  or  1*  10'  from  22**  30",  we  may  obtain  every 
fifth  minute  by  continual  bisection.  If  to  the  arc  of 
7**  JO'  be  added  the  arc  of  ;62  minutes,  the  arc  of 
every  single  tqinute  m^y  be  had  by  bisection. 

OJF   MSL*  BXRD*S   MBTHOD   OF  DIVIDING^ 

Fig.  2,  plate  g. 

In  1767  the  Commissioners  of  Longitude  proposed 
fih  handsome  reward  to  Mrt  Birdj  on  condition, 
limpng  ot(ier  things,  that  he  should  publish  an  ac« 
count  of  bis  method  of  dividing  astronomical  instru*- 
ments ;  which  was  accordingly  done :  and  a  tract, 
describing  his  method  of  dividing,  was  written  by 
Jiirn^,  and  published  by  order  of  the  Commissioners 
of  longitude  in  the  s^me  year ;  3ome  defects  in  this 
publication  were  supplied  by  the  Rev.  Mr.  Ludtatn^ 
f>ne  of  the  centlerpen  who  attended  Mr,  Bird  to  be 
instructed  by  hkn  in  his  method  of  dividing,  in  con- 
jsequence  of  the  Board^s  agreement  with  him*  Wr» 
Jjfidlam^i  trzcX  was  published  in  1787,  in  4 to. 

I  sbal)  use  my  endeavpurs  tp  render  this  method 
^tiU  clearer  to  the  practitioner,  by  combining  |tn<|l 
pmcngipg  the  subject  of  both  tracts,  ' 
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Mr.  Bird's  method^ 

1  •  One  of  the  first  requisites  is  a  scale  of  inchei^ 
each  inch  being  Bubdivided  into  10  equal  ])arts« 

2.  Contiguous  to  this  line  of  inches,  there  Biust  be 
a  nonius^  in  which  10.1  inches  is  divided  into  100 
equll  parts,  thus  shewing  the  lOOOndth  part  of  an 
inch.  By  the  assistance  of  a  magnifying  glass  of  one 
inch  focus^  the  SOOOndth  part  may  be  €3timated* 
'  3.  Six  beam  compasses  are  necessary,  furnished 
with  magnifying  glasses  of  not  more  than  one  inch 
focus.  The  longest  beam  is  to  measure  the  raidiuft 
or  chord  of  Go ;  the  second  for  the  4shord  of  43.40 ; 
the  third  for  the  chord  of  30 ;  the  fourth  for  10.20; 
the  fifth  for  4.40;  the  sixth  for  the  chord  of  15 
degrees. 

4.  Compute  thte  chords  by  the  rules  given,  ami 
4ake  their  computed  length  from  the  scale  in  the  d]£- 
ierent  beam  compasses. 

5.  Let  these  operations  be  performed  in  theeven*^ 
ing,  and  let  the  scale  and  the  different  beam  com- 
passes be  laid  upon  the  instrument  to  be  divided, 
and  remain  there  till  the  next  mornings 

6.  The  iiext  morning,  before  sun-rise,  examine 
the  compasses  by  the  scale,  and  rectify  them,  if  they 
are  either  l^gthened  or  shortened  by  any  change  in 
the  temperature  of  the  air. 

7*  The  quadrant  and  scale  being  of  the  same  tem- 
perature, describe  the  faint  arc  b  d,  or  primitive  cir. 
cle ;  then  with  the  compasses  that  are  set  to  the  ra** 
dius  and  with  a  fine  prick  punch,  make  a  point  at  ir, 
which  is  to  be  the  O  point  of  the  quadrant ;  see^g. 

%  plate  Q. 

8.  With  the  same-  beam  compasses  unaltered  lay 
off  from  a  to  e  {he  chord  of  6o^,  making  a  fine  point 
fit  e.  »  • 

9.  Bisect  the  arc  a  c  with  the  chord  of  30^ 

}0»  Then  from  the  point  c^  vfiih  the  beam  com« 
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passes  containing  6o,  mark  the  point  r^  which  is  that 
of  90  degrees. 

11.  Next,  with  the  beam  compasses  containing 
15^  bisect  the  arc  e  r  in  n,  which  gives  75^ 

12.  Lay  off  from  n  towards  r  theehord  of  10^  ^O", 
sad  from  r  towards  n  the  chord  of  4^  40^  these  two 
dught  to  meet  exactly  at  the  point  g  c^  85^  20\ 

13.  Now  as  in  brge  instruiQenta  each  degree  is 
generally  subdivided  into  12  equal  part95  of  five  mi- 
nutes each,  we  shall  find  that8{(^  ftO"  contains  10.2r4 
6uch  parts,  because  20'  equal  4  of  these  parts^  and 
65  X  12  makes  1020 ;  now  1024  is  a  number  divU^ 
ble  by  cpntinoal  bisection* 

The  last  computed  chord  was  42^  40^,  with  which 
ag  was  bisected  into  o,  and  ao,  og,  were  bUfcted 
by  trials*  Though  Mr,  Bird  seems  to  have  used  this 
method  himself,  still  he  thinks  it  more  advisable  |o 
take  the  computed  chord  of  21^20",  and  by  it.  find 
the  point  g ;  then  proceed  by  continual  bisect iona 
till  you  tvive  1024  parts.  Thus  the  arc  95^  20",  by 
ten  bisections,  will  give  us  the  arcs  42^  40^,  21^  80^^ 
10''40',  5*"  20',  2°40',   1^  20',  40^,  20^,   10',  5\ 

14.  To  fill  up  the  space  between  g  and  r,  83^  20^ 
and  90°,  which  is  4°  40',  or  4  X  12+8  equal  to  56 
divisions ;  the  chord  of  64  divisions  was  laid  off  from 
g  towards  d,  and  divided  like  the  rest  by  continual 
bisections,  as  was  also  from  a  towards  b*  If  the  work 
IS  well  performed,  you  will  again  find  the  points  30, 
45,  60,  73,  and  QO,  without  any  sensible  difference. 
It  is  evident  that  these  arcs,  as  well  as  those  of  15^^ 
^re  multiples  of  the  arc  of  5' ;  for  one  degree  contains 
•12  arcs  of  §'  each,  of  which  15^  contains  180 ;  the 
arc  of  30^  contains  360;  the  arc  of  60^  720;  that 
of  75^  QOO;  and,  therefore,  90^  contains  1080. 

Mr.  Graham^  in  1725  applied  to  the  quadrant  di« 
vidcd  into  go^,  or  rather  into  1080  parts  of  five  mi-« 
outes  each,  another  quadrant,  which  he  divided  into 
96  equal  parts,  subdividing  eadk  of  these  into  16 
6it|ual:  parts>  forming  iaall  1536..    Thia  arc  is  a  se-^ 
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vxite  cb^  upon  the  divisions  of  the  other ;  but  Bird 
fay99  that  if  his  instructions  be  strictly  followed,  the 
coincidence  between  them  will  be  surprising,  and 
their  difference  from  tbe  truth  exceedingly  small. 

The  arc  of  96^  is  to  be  divided  first  in  A  three  equal 
parts,  in  the  same  manner  as  tbe  arc  of  90^ ;  each 
third  contains  5  ]  2  divisions,  which  number  isdivisible 
^ntinually  by  2,  and  gives  16  in  each  96th  part  of 
the  whole.  • 

The  tiest  step  is  to  cut  the  linear  divisions  from 
the  podxtts  obtained  by  the  foregoing  rules.  For  this 
purpoAe  a  pair  of  beam  compasses  is  to  be  used,  both 
(>f  whose  points  are  conical  and  very  sharp.  Draw  a 
tangent  to  the  arc  b  d^  suppose  at  e,  it  will  intersect 
jlie  arc  x  y  in  q,  this  will  be  the  distance  between  the 
points  of  the  beam  compasses  to  cut  the  divisions 
nearfy  at  right  angles  to  the  arc.  The  point  of  the 
beam  compasses  next  the  right  hand  is  to  be  placed 
In  the  point  r,  the  other  point  to  fall  freely  into  the 
arc  X  y ;  then  pressing  gently  npon  the  screw  head 
¥chich  fastens  the  socket,  cut  the  divisions  with  the 
point  towards  the  right  hand,  proceeding  thus  till  you 
liave  finished  aU  the  divisicms  of  the  limb. 

FOR  THE  NONIUS. 

1*  Chuse  any  part  of  the  arc  where  there  is  a  co- 
incidence of  the  90  and  96  arcs  ; '  for  example,  at  e, 
the  point  of  6qP.  Draw  the  faint  arc  s  t  and  i  k, 
which  may  be  continued  to  any  length  towards  A ; . 
upon  these  the  nonius  divisions  are  to  be  divided  in 
points.  The  original  points  for  the  nonius  of  the 
90th  arc  are  to  be  made  upon  the  arc  s  t ;  the  origi* 
nal  points  for  the  nonius  of  the  96th  arc  are  to  be 
;nade  upon  the  arc  i  k. 

Because  90  is  to  96,  as  15  to  16,  there  will  be  a 
coincidence  at  15^  and  l6pts,  30^  and  32pts,  45^  and 
48pts ;  60""  and  64pts,  90""  and  96pt8. 

9.  Dra^  a  tangent  Jtine  to  the  primitive  circle  as 
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before^  intersecting  the  arc  d,  which  gives  the  dis-- 
tance  of  the  points  of  the  beam  compasses^  with 
which  the  nonius  of  the  90th  arc  mUst  be  cut. 

3.  Let  us  suppose  then  that  the  nonius  is  to  sub^ 
divide  the  divisions  of  the  limb  to  half  a  minute, 
which  is  effected  by  making  10  divisionrs  of  the  no^ 
nius  equal  to  1 1  divisions  of  tiie  limb ;  measure  th^ 
radius  of  the  arc^  and  compute  the  chord  of  16,  or 
ratlier  32  of  the  nonius  division^  which  may  easil]^ 
be  obtained  by  the  folbwing  proportion ;  if  lOdivi* 
aions  of  the  nonius  plate  make  55  minutes  of  a  de^ 
grec,  what  will  32  of  those  divisions  make?  the;  an* 
8wer  is  2°  50^,  the  chord  of  which  must  be  compiited 
and  taken  from  the  scale  of  equal  parts ;  but  as  di^ 
ferent  subdivisions  by  the  nonius  may  be  required, 
let  n  be  the  number  of  nonius  divisions,  m  the  nord- 
ber  of  minutes  taken  in  by  the  nonius  br  16,  32  or 
64,  and  X  the  arc  sought ;  then  as  n :  m  :;  b :  X. 

4.  Lay  off  with  the  beam  compasses,  having  th« 
length  of  the  tangent  90  between  the  points,  the 
point  q  from  e,  q  being  a  point  in  the  arc  s  t,  and  e 
an  original  pointin  the  primitive  circle,  and  the  chord 
of  32  from  q  towards  uie  left  hand,  (the  diord  of  si 
being  the  chord  which  subtends  32  divisions  on  the 
nonius  plate,  or  the  chord  of  2^  -56^  this  chord  to 
be  computed  from  the  radius  with  which  the  faint 
arc  s  t  was  struck,  and  taken  off  the  scale  of  equal 
parts,)  and  divide  by  continual,  bisections;  ten  of 
.tliose  divisions,  counting  from  q  to  the  left,  will  be 
the  required  pQints. 

The  nonius  belonging  to  the  96th  arc  is  subject  to 
no  difficulty,  as  the  number  should  always  be  16, 32, 
&c.  that  the  extremes  may  be  laid  off  from  the  divi*^ 
aions  of  tlie  limb  without  computation;  To  be  more 
particular,  the  length  of  the  tangent  line,  or  radius, 
with  which  the  divisions  of  the  nonius  of  the  g6  arc 
are  to  be  cut,  must  be  found  in  the  way  before  direct-^ 
ed  for  the  nonius  of  the  90  arc ;  the  arc  i  k  standing 
instead  of  the  arc  s  t.  Having  the  tangental  distance 
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between  ibe  pc^ints  of  the  compasses  from  one  of  the 
original  points  in  the  primitive  g6,  lay  off  a  point  on 
the  faint  arc  i  k  towards  the  left  hand  ;  count  from 
tliat  point  on  the  primitive  96  circle  1 7  points  to  the 
left  hand^  and  lay  off  from  thence  another  ^point  on 
the  faint  arc  i  k ;  the  distance  between  those  two 
points  in  the  faint  arc  i  k  is  to  be  subdivided  by  bi- 
sections into  l6parts^  and  those  parts  pointed ;  from 
these  points  the  visible  divisions  of  the  nonius  are  to 
be  cut. 

Mr.  Ludlam  thinks,  that  instead  of  laying  the  ex- 
tent of  the  nonius  single,  it  would  be  better  to  lay 
it  off  double  or  quadruple  ;  thus,  instead  of  17  points 
to  the  left  hand,  count  34  or  68,  and  that  both  ways, 
to  the  right  and  to  the  left,  and  lay  off  a  point  from 
each  extreme  on  the  faint  arc  ik;  subdivide  the 
whole  between  these  extreme  points  by  continual  bi« 
sections,  till  you  get  16  points  together  on  the  left 
band  side  of  the  middle,  answering  to  the  extent  of 
the  nonius.  No  more  of  the  subdivisions  are  to  be 
completed  than  are  necessary  to  obtai^i  the  middle 
portion  of  16  points  as  before. 

The  nonius  points  obtained,  the  next  process  1%  to 
transfer  them  on  the  nonius  plate,  which  plate  is 
chamfered  on  both  edges  ;  on  the  inner  edge  is  the 
nonius  for  the  90  arc,  on  the  outer  edge  is  the  nO' 
nius  for  the  96  arc,  in  the  middle  between  the  two 
chamfers  is  a  flat  part  parallel  to  the  under  surface 
of  the  nonius  plate ;  upon  the  flat  part  the  &int  line 
of  the  next  operation  is  to  be  drawn.  To  find  the 
place  where  the  nonius  is  to  begin  upQn  the  chanifered 
edge  of  the  nonius  plat Cy  measure  the  distance  of  the 
centre  of  the  quadrant  from  the  axis  of  the  telescope ; 
this  distance  from  the  axis  of  the  telescope  at  the 
eye  end,  will  be  tlie  place  for  the  first  division  of  the 
nonius;  then  draw. a  faint  line  from  the  centre  on 
4he  flat  part  of  the  nonius  plate. 
'   Fasten'  the  nonius  plate  to  the  arc  with-  two  pair  of 
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hand  vfced  ;  then  with  one  point  6f  the  btem  com* 
passes  in  ihe  centre  of  the  quadrant^  and  the  other  at 
the  hiiddle  of  the  nonius  plate^  draw  a  faint  arc  from 
end  to  end  ;  where  this  arc  cuts  the  faint  line  hefore* 
mentioned,  make  a  fine  point ;  from  this  point  lay 
off  on  each  side  another  point,  which  may  be  at  any 
distance  in  the  arc,  only  care  must  be  taken  that  they 
be  equally  distant  from  the  middle  point ;  from  the 
two  last  make  a  faint  intersection  as  near  as  possible 
to  either  of  the  chamfered  edges  of  the  nonius  plate; 
through  this  intersection  the  first  division  of  the  no- 
nius m«st  be  cut. 

Mr.  Bikd^s  method  of  dividing  his  scale  of 

eqlval  parts. 

Let  us  suppose  that  we  have  QO  inches  to  divide 
into  900  equal  parts,  take  the  third  of  this  number,, 
or  300 ;  now,  the  first  power  of  2  above  this  is  512; 
therefore,  take  Vo^^^^  ^^  ^^  ^^^^  in  one.  pair  of 
beam  compasses,  Vs*  ^^  another,  VV  ^^  ^  third,  and 
4^  in  a  fourth ;  then  lay  the  scale  from  which  these 
measnres  were  taken,  the  scale  to  be  divided,  and  the 
beam  compasses  near  together,  in  a  room  facing  the 
north ;  let  them  lie  there  the  whole  night ;  the  next 
morning  correct  your  compasses,  and  lay  off  Vy  three 
times ;  then  with  the  compasses  Vy  ,  '-jV  >  ^9  bisect 
these  three  spaces  as  expeditiously  as  possible ;  the 
flpace  64  is  so  small  that  there  is  no  danger  from  any 
partial  or  unequal  expansion,  therefore  the  remainder 
may  be  finished  by  continual  bisections.  The  linear 
divisions  are  to  be  cut  from  the  points  with  the  beam 
coin  passes  as  before  described. 

The  nonius  of  this  scale  is  ^V  ^hs  of  an  inch  long,' 
which  is  to  be  divided  into  lOO  equal  parts,  as  100  is 
to  101,  so  is  256  :  258,56  tenths  of  an  inch,  the  in- 
teger being  -^v*  Suppose  the  scale  to  be  numbered 
at  every  inch  from  left  to  right ;  then  make  a  fine 
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jjoitift  exactly  agfcinst  tV>  t^  the  left  of  o,  frotn  this 
lay  off  258^56  to  the  right  hand^  which  divide  after 
the  common  method. , 

If  you  are  not  furnished  with  a  scale  long  enough 
to  lay  off  258,56,  theti  set  off  W^  and  add  8^56^ 
from  a  diagonal  scale. 

Of  Mr.  Bird's  pointing  tooL,  and  method  of 

POIZjTING. 

The  pointing  tool  consisted  of  a  dteel  wire  -,V  '^^ch 
diameter,  inserted  into  a  brass  wire  ^  inch  diameter, 
the  brass  part  2^  long,  the  steel  part  stood  out  4^ 
whole  length  31  inches.  The  angle  of  the  conical 
point  ab6ut  20or  25  degrees,  somewhat  above  a  steel 
temper ;  the  top  of  the  brass  part  was  rounded  off, 
to  receive  the  pressure  of  the  6nger ;  the  steel  point 
should  be  first  turned,  hardened,  and  tempered,  and 
then  whetted  on  the  oil  stone,  by  turning  the  pointril 
round,  and  at  the  same  time  drawing  it  along  the  oil-« 
stone,  not  against,  but  from  the  point ;  this  will  make 
i,  sharp  point,  and  also  a  kind  of  very  fine  teeth  along 
the  slant  slide  of  the  cone,  and  give  it  the  nature  of 
a  very  fine  countersink. 

In  striking.the  primitive  circle  by  the  beam  com* 
passes,  the  cutting  point  raises  up  the  metal  a  little 
on  each  side  the  arc  ;  the  metal  so  thrown  up  formtf 
what  is  called  the  bur.  When  an  arc  is  strucK  across 
the  primitive  circle,  this  bur  will  be  in  some  measure 
thrown  down ;  but  if  that  circle  be  struck  again  eve# 
so  lightly,  the  bur  will  be  raised  up  again  ;  the  arcs 
struck  across  the  primitive  circle  have  also  their  bun 
Two  such  rasures  or  trenches  across  each  other,  will 
of  course  have  four  salient,  or  prominent  angles  with^ 
in ;  and  as  the  sides  of  the  trenches  slope,  so  do  also 
the  lines  which  terminate  the  four  solid  angles.  Vott 
may  therefore,  J^ee/  what  you  cannot  see;  when  the 
xronical  points  bear  against  all  four  solid  angles,  they 
will  guide,  and  keep  th6  point  pf  the  tool  ia  the  centre 
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of  decussation,  while  keeping  the  tool  upright,  prev^ 
sing  it  gently  with  one  hand,  and  turning  it  round 
with  the  other,  you  make  a  conical  ho1e«  into  which 
you  can  at  any  time  put  the  point  of  the  beam  com- 
passes, and  feel,  as  well  as  see^  when  it  is  lodged 
there* 

RUJLES   OR   MAXIMS   LAID  DOWN  BY   Mr.  BiRQ. 

•  I  •  The  points  of  the  beam  compasses  should  never 
he  brought  nearer  together  than  two  or  three  inches^ 
except  near  the  end  of  the  line  or  arc  to  be  divided; 
4nd  there  spring  dividers  with  round  moveable  points- 
had  best  be  used'. 

2*  The  prick-punch,  used  to  mark  the  points,, 
should  be  very  sharp  and  round,  the  conical  point 
being  formed  to  a  very  acute  angle  ;  the  point  to  be 
made  by  it  ought  not  to  exceed  the  one  thousandth 
of  an  inch.  When  lines,  or  divisions,  are.  to  be 
traced  from  these  points,  a  magnifying  glass  of  4  an 
inch  focus  must  be  used,  which  will  render  the  im- 
pression or  scratch  made  by  the  beam  compasses  suf* 
ficiently  visible ;  and  if  the  impression  be  not  too 
faint,  feeling  will  contribute,  as  well  as  seeing,  to- 
wards making  the  points  properly. 

3.  The  method  of  finding  the  principal  points  by 
computing  the  chords  is  preferable  to  other  methods; 
as  by  taking  up  much  less  time,  there  is  mudi  less 
risk  of  any  error  from^  the  expansion  of  the  instru^ 
ment,  or  beam  compasses. 

/I.  To  avoid  all  possible  error  from  expansion,  Mr. 
Jih*d  never  admitted  more  than  one  person,  and  him 
only  as  an  assistant;  nor  suffered  any  fire  in  the 
room,  till  the  principal  points  were  laid  down. 
H  Mr.  jBirrf  guards,  by  this  method,  against  any  in-» 
equality  that  might  possibly  happen  among  the  ori- 
ginal points,  by  first  setting  out  a  few  capital  points^ 
distrijjuted  equally  through  the  arc,  leaving  the  in- 
^(^rvals  to  .be  filled  up  afterwards ;  he  could  by  this 
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tnetbod  check  the  distant  divisions  with  respect  to 
each  other,  and  shorten  the  time  of  the  most  essential 
operations.     ^ 

5.  Great  care  is  to  be  observed  in  pointing  inter-* 
sections,  which  is  more  difficult  than  in  pointing  from 
a  single  line,  made  by  one  point  of  the  compasses* 
For  in  bisections,  the  place  to  be  pointed  is  laid  off 
from  the  right  to  the  left,  and  from  the  left  to  the 
right.  If  any  error  arises  from  an  alteration  of  ^he 
compasses,  it  will  be  shewn  double ;  even  if  the 
chord  be  taken  a  little  too  long,  or  too  short,  it  will 
not  occasion  any  inequality,  provided  the  point  be 
made  in  the  middle,  between  the  two  short  lines 
traced  by  the  compasses. 

Now,  as  Mr.  Ludlam  observes,  if  the  bisecting 
chord  be  taken  exactly,  the  two  fore-mentioned  faint 
arcs  will  intersect  each  other  in  the  primitive  circle, 
otherwise  the  intersection  will  fall  above  or  below  it« 
In  either  case,  the  eye,  assisted  by  a  magnifier,  can 
accurately  distinguish  on  the  primitive  circle  the  mid-* 
die  between  these  two  arcs,  and  a  point  may  be  made 
by  the  pointing  tool. 

In  small  portions  of  the  primitive  circles,  the  two 
fitint  arcs  will  intersect  in  so  acute  an  angle,  that 
they  will  run  into  one  another,  and  form  as  it  were  a 
single  line;  yet  even  here,  though  the  bisecting 
chord  be  not  exact,  if  the  intersection  be  pointed  as 
before^  the  point  will  fall  in  the  middle  of  the  portion 
to  be  bisected. 

If,  in  the  course  of  bisecting,  you  meet  with  a  hole 
already  made  with  the  pointril,  the  point  of  the  com- 
passes should  fall  exactly  into  that  hole,  both  from 
the  right  and  left  hand,  and  you  may  readily  feel 
what  you  cannot  see,  whether  it  fit  or  ho ;  if  it  fits, 
the  point  of  the  compasses  will  have  a  firm  bearing 
against  the  bottom  of  the  conical  hole,  and  strike  a 
9olid  blow  against  it ;  if  it  docs  not  exactly  coincide 
with  the  centre  of  the  hole,  the  slant  part  of  the  point 
will  slide  down  the  slant  side  of  the  hoje,  drawine, 
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or  pushing  the  other  point  of  the  compastses  from  iti 
place. 

Mr.  Bird's  method  of  transferring  the  divisionf 
by  the  beam  coaipasses  from  the  original  pcants^  is 
founded  on  this  maxim,  that  a  right  line  cannot  b$ 
cut  upoti  brass,  so,  as  accurate^  to  pass  through  two 
given  points ;  but  that  a  circle  may  be  described 
from  any  centre  to  pass  with  accuracy  tibrough  a  given 
point.  It  is  exceeding  difficult,  in  the  first  place,  to 
fix  the  rule  accurately,  and  keep  it  firmly  to  the 
two  points;  and,  secondly,  supposing  it  could  bo 
held  properly,  yet,  as  the  very  pomt  of  the  knifis 
which  enters  the  metal  and  ploughs  it  out,  cannot 
bear  against  the  rule,  but  some  other  ps^rt  above  that 
point  will  bear  against  it;  it  follows,  that  if  the  knife 
be  held  in  a  different  situation  to  or  from  the  rule,  it 
will  throw  the  cutting  point  out  or  in ;  besides,  any 
hardness  or  inequality  of  the  metal  will  turn  the  knife 
out  of  its  course,  for  the  rule  does  not  wpose  the 
knife  in  departing  from  it,  and  the  force  of  the  hand 
cannot  hold  it  to  it  For  these  reasons  it  is  almoBt 
impossible  to  draw  a  knife  a  second  time  against  the 
rule,  and  cut  within  the  same  line  as  before. 

On  the  other  band,  an,  are  of  a  circle  may  always 
be  described  by  the  beam  compasses  so  as  to  pass 
through  a  given  point,  provided  both  poinis  of  the 
compasses  be  conical.  Let  one  point  of  the  conipass-* 
OS  be  set  in  the  given  point  or  conicat  hole  in  the 
brass  plain ;  make  the  other  point,  whatever  he  ite 
distance,  the  c^traj,  or  still  point ;  with  the  former 
point  cut  the  arc,  and  it  will  be  sure  to  pass  through 
the  given  point  in  the  brass  plain,  and  the  operation 
may  be  repeated  safely,  and  the  stroke  be  strength- 
ened by  degrees,  tts  the  moving  point  is  not  likely  4:o 
be  shifted  out  of  ita  direction,  nor  the  cutting  point 
to  be  broken. 

llie  visibkt  divisions  ol^  a  Urge  quadrant  are  always 
the  arcs  of  a  circle,  ttiotigH  so  short  as  not  to<  be  dis« 
tinguished  from  straiglit'  Une^ ;  th^  ahould  be  per* 
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pendicular  to  the  arc  that  bounds  them,  and  there- 
fore the  still  or  central  point  of  the  beam  cooipasaes 
must  be  somewhere  in  the  tangent  to  that  arc  ;  the 
bounding  circle  of  the  visible  divisions,  and  the  pri- 
mitive circle  should  be  very  near  each  other,  that  the 
arc  forming  the  visible  divisions  may  be  as  to  senae 
pcrpendiculai;  to  both  circles,  and  each  visible  divi-> 
sion  shew  the  original  point  from  which  it  was  cat. 
Another  maxim  of  Mr.  Bird'sy  attributed  to  Mr* 
Grahamj  That  it  is  possible^  practically,  to  bisect  an 
arc 9  or  right  UnCy  but  not  to  trisect,  quin^uisect^ 
Sgc-'  '  The  advantages  to  be  obtained  by  bisection 
have  been  already  seen ;  we  have  now  to  shew  the 
otgections  against  trisecting,  &c. 

1.  That  as  the  points  of  trisection  in  the  primitive 
circle  must  be  made  by  pressing  the  point  of  the  beam 
compasses  down  into  the  metal,  the  least  extuberance, 
or  hard  particle,  will  cause  a  deviation  in  the  first 
impression  of  a  taper  point,  and  force  the  point  of 
the  compasses  out  of  its  place;  when  a  point  is  made 
by  the  pointing  tqoU  ^he  tool  is  kept  turning  round 
while  it  is  pressed  down,  and  therefore  drills  a  coni* 
cat  bole. 

2.  Mach  less  force  is  necessary  to  make  a  scratch 
or  fltiot  arc,  than  a  hole  hy  a  pressure  downward^  of 
tlie  point  of  the  compasses. 

3.  So  much  time  must  be  spent  in  trials,  that  a  par- 
tial expansion  would  probably  take  place ;  and  per* 
haps,  many  false  marks,  or  holes  made,  which  might 
occasion  considerabk^  error. 

Another  maxim  of  Mr.  Bird's  was  this,  that  step* 
ping  was  liable  to  great  uncertainties,  and  not  to  be 
trusted ;  that  is,  if  the  chord  of  \  6^  was  assumed,  |iQ<i 
laid  down  five  times  in  successiotti,  by  turning  the 
compasses  over  upon  the  primitive  circle,  yet  the  arc$ 
00  marked  would  not^^  in  his  opinion  be  equal. 
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DEscRirriON  OF  Mr.  Bird's  scale  of  eqxjal 

PARTS. 

It  consists  of  a  scale  of  inches,  each  divided  into 
tenths,  and  numbered  at  every  inch  from  the  left  to 
the  right,  thus,  O,  1,  2,  3,  &c.  in  the  order  of  the 
natural  numbers.  The  nonius  scale  is  below  this, 
but  contiguous  to  it,  so  that  one  common  line  termi- 
nates the  bottoms  of  the  divisions  on  the  scale  of 
inches,  and  the  tops  of  the  divisions  on  the  nonius ; 
this  nonius  scale  contains  in  length  101  tenths  of  an 
inch,  this  length  is  divided  into  100  equal  parts,  or 
visible  divisions  ;  the  left  hand  division  of  this  scale 
is  set  off  from  a  point  -^  of  an  inch  to  the  left  of 
0,  on  the  scale  of  inches  ;  therefore,  the  right  hand 
end  of  the  scale  reaches  to,  and  coincides  with  the 
10th  inch  on  the  scale  of  inches.  Every  tenth  divi- 
sion on  this  nonius  scale  is  figured  from  the  right  to 
the  left,  thus,  100.  QO.  80, 70. 60.  50.  40. 30. 20.  10. 
O.  and  thus  O  on  the  nonius  coincides  with  10  on  the 
inches ;  and  100  on  the  nonius  falls  against  the  first 
subdivision  (of  tenths)  to  the  left  band  of  O  on  the 
inches ;  and  these  two,  viz.  the  first  and  last,  are  the 
only  two  strokes  that  do  coincide  in  the  two  scales. 

To  take  off  any  given  number  of  inches,  decimals, 
and  millesimals  of  an  inch ;  for  example,  42,764,  ob- 
serve, that  one  point  of  the  beam  compasses  mAst 
stand  in  a  (pointed)  division  on  the  nonius,  and  the 
•other  point  of  the  compasses  in  a  pointed  division  on 
the  scale  of  inches. 

The  left  hand  point  of  the  compasses  must  stand 
in  that  division  on  the  nonius  which  expresses  the 
number  of  millesimal  parts ;  this,  in  our  example, 

is  64. 

To  find  where  the  other  point  must  stand  in  the 
scale  of  inches  and  tenths,  add  10  to  the  given,  num- 
ber of  inches  and  tenths  (exclusive  of  the  two  mille- 
shnal  figures ;)  from  tfiis  sum  subtract  the  two  niilie- 
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simal  figures,  considered  now  as  units  and  tenths, 
and  the  remainder  will  shew  in  what  division,  on  the 
scale  of  inches,  the  other  point  of  the  compasses  must 
stand ;  thus,  in  our  example,  add  10  to  42,7)  and 
the  sum  is  52,7  ;  from  this  subtract  6,4  and  the  re* 
mainder  is  46,3.  Set  then  one  point  of  the  compas- 
ses in  the  64th  division  on  the  nonius,  and  the  other 
point  in  46,3  on  the  scale  of  inches^  and  the  two 
points  will  comprehend  between  them  42,7^4  inches. 

This  will  be  plain,  if  we  consider  that  the  junction 
of  the  two  scales  is  at  the  10th  inch  on  the  scale  of 
inches;  therefore,  the  compasses  will  comprehend 
36,3  inches  on  the  scale  of  inches ;  but  it  will  like- 
wise comprehend  64  divisions  on  the  nonius  scale. 
Each  of  these  divisions  is  one  tenth  and  one  millesi- , 
mal  part  of  an  inch ;  therefore,  64  divisions  is  64 
tenths,  and  64  millesimal  parts, or 6,464  inches;  to 
6,464  inches  taken  on  the  nonius,  add  36,3  inches 
taken  on  the  scale  of  inches,  and  the  whole  length  is 
42,764  inches ;  and  thus  the  whole  is  taken  from 
two  scales,  viz.  inches  and  the  nonius ;  ^ch  subdivi* 
sion  in  the  former  is  -^  of  an  inch,  each  subdivision 
in  the  latter  is  -j^  +  T^'^^th  of  an  inch.  By  tak- 
ing a  proper  number  of  each  sort  of  subdivisions 
(the  lesser  and  the  greater)  the  length  sought  is  ob- 
tained.       ^ 

The  business  of  taking  a  given  length  will  be  ex« 
pedited,  and  carried  on  with  far  less  danger  of  injur- 
ing the  scale,  if  the  proposed  length  be  first  of  all 
taken,  nearly 9  on  the  scale  of  inches  only^  guessing 
the  millesimal  parts  ;  thus,  in  our  case,  we  ought  to 
take  off  from  the  scale  of  inches  42,79  lund  above  half 
a  tenth  more ;  for  then  if  one  point  be  set  in  the  pro- 
per division  on  the  nonius,  tne  other  point  will  fall 
so  near  the  proper  division  on  the  scale  of  inches,  as 
to  point  it  out ;  and  the  point  of  tlie  compasses  may 
be  brought,  by  the  regulating  screw,  to  £stll  exactly 
into  the  true  division. 

If,  when  the  points  of  the  compasses  are  set,  they 
do  not  comprehend  an  integral  number  of  n^illesi* 


116  MR.    BtRb^S   SCALE   OF  EAUAL  PARTS. 

mal  parts,  they  will  not  precisely  fell  into  any  two  di*- 
visions,  hot  will  either  exceed,  or  fell  short ;  let  the 
exact  distance  of  the  points  of  the  compasses  be 
42,7645  ;  if,  as  before,  the  left  hand  point  be  set  in 
the  64th  division  of  the  nonius,  then  the  ri^t  hand 
point  will  exceed  46,3  among  the  inches ;  if  the  left 
hand  point  be  carried  one  division  more  to  the  left, 
and  stand  in  65  of  the  nonius,  then  the  right  hand 
point  will  fall  short  of  46,2  in  the  scale  of  inches ; 
the  excess  in  the  former  case  being  equal  to  the  de- 
fect in  the  latter.  By  observing  whether  the  diffeis 
ence  be  equal,  or  as  great  again  in  one  case  as  the 
other,  Wc  may  estimate  to  -j-d  part  of  a  millesimaL 
ISee  Mr.  Bird's  Tract,  p.  2. 

It  may  be  asked,  why  should  the  nonius  scale  com- 
mence at  the  lOth  inch ;  why  not  at  O,  and  so  the 
nonius  scale  lay  wholly  on  the  left  hand  of  the  scale 
of  inches  ?  and,  in  this  case,  both  scales  might  be  in 
one  right  line,  and  not  one  under  the  other ;  but,  in 
such  a  cas^,  a  less  distance  than  10  inches  could  not 
always  be  found  upon  the  scale,  as  appears  from  the 
rule  before  given.  The  number  10  mu^tnot,  in  this 
pas^,  be  added  to  the  inches  and  tenths,  and  then 
the  subtraction  before  directed  would  not  always  be 
possible.  ' 

Yet,  upon  this  principle,  a  scale  in  one  continued 
line  may  be  constructed  for  laying  off  inches,  tenths, 
and  hundredths  of  an  inch,  for  any  length  above  one 
inch  ;  at  the  head  of  the  scale  of  inches,  to  the  left 
hand  of  O,  and  in  the  same  line,  set  off  eleven-tenths' 
of  an  inch  (or  the  itiultiple,)  which  subdivide  in  Mr. 
Bird^s  way,  into  ten  equal  parts.  Such  a  compound 
scale  would  be-fer  more  exact  than  the  common  dia- 
gonal scale ;  for  the  divisions  being  pointed,  you  may 
feel  far  more  nicely  than  you  can  see,  when  the  points 
of  the  beam  compasses  are  set  to  the  exact  distance. 
But  to  return  to  Mr.  Bird^  Tract. 

The  nature  of  Mr.  Bird's  scale  being  known,  there 
will  be  no  difficulty  in  understanding  his  directions 
how  to  divide  it.     A  scale  of  this  kind  is  far  prefer- 
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able  to  any  diagonal  scale  ;  not  only  on  account  of 
the  extreme  difficulty  of  drawing  the  diagonals  ex- 
actly, but  also  because  there  is  no  check  upon  the 
errors  in  that  scale;  here  the  uniform  manner  in 
vrbich  the  strokes  of  one  scale  separate  from  those  of 
the  other,  is  some  evidence  of  the  truth  of  both ;  but 
Mr.  Bird's  method  of  assuming  a  much  longer  line 
than  what  is  absolutely  necessary  for  the  scale,  subdi- 
viding the  whole  by  a  continual  bisection,  and  point- 
ing the  divisions  as  before  explained,  and  guarding 
against  partial  expansions  of  the  metal,  is  sure  to  ren-^ 
dcr  the  divisions'  j^erfectly  equal.  The  want  of  such 
a  scale  of  equal  parts  (owing,  perhaps,  to  their  ignor* 
ance  of  constructing  it)  is  one  reason  why  Mr.  Bird's 
method  of  dividing  is  not  in  so  great  estimation 
among  mathematical  instrument  makers,  as  it  justly 
deserves. 


AN   OBSERVATION,    OR   METHOD   OF   GRADUATION, 

OF  Mr.  Smeaton's. 

As  it  is  my  intention  to  collect  in  this  place  what- 
ever is  valuable  on  this  ^subject,  I  cannot  refrain  from 
inserting  the  following  remark  of  Mr.  Smeaton*Sj 
though  it  militates  strongly  against  one  of  Mr.  Bird's 
.  maxims.  He  advises  us  to  compute  from  the  mea« 
sured  radius  the  chord  of  l6  degrees  only,  and  to 
take  it  from  an  excellent  plain  scale,  and  lay  it  off 
five  times  in  succession  from  the  primary  point  of  O 
given,  this  would  give  80  degrees ;  then  to  bisect 
each  of  these  arcs,  and  tolay  off  one  of  them  beyopd 
the  80th,  which  would  give  the  88th  degree ;  then 
proceed  by  bisection,  till  you  come  to  an  arc  of  two 
degrees,  which  laid  off  from  the  88th  degree,  will  give 
the  go  degrees;  then  proceed  again  by  bisection,  till 
you  have  reduced  the  degrees  into  quarters,  or  every 
fifteen  minutes.  Here  Mr.  Smtaton  would  stop, 
being  apprehensive  that  divisions,  when  over  close, 
cannot  be  ac^rately  obtained  even  by  bisection. 
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If  it  were  necessary  to  have  subdivisions  upon  the 
limb  equivalent  to  five  minutes^  he  advises  us  to  com- 
pute the  chord  of  21®  20'  only,  and  to  lay  it  off  four 
times  from  the  primary  point ;  the  last  would  give 
85*^  20',  and  then  to  supply  the  remainder  from  the 
bisected  divisions  as  they  rise,  notfroifi  other  cam^ 
puted  chords. 

Mr.  Bird  asserts,  that  afker  he  had  proceeded  by 
the  bisections  from  the  arc  of  85°  20',  the  several 
points  of  30«  6o.  75*  Qo.fell  in  without  setisible  ine- 
^iialiti/f  and  so  indeed  they  might,  though  they  were 
not  equally  true  in  their  places ;  for  whatever  error 
was  in  them  would  be  communicated  to  all  connected 
with,  or  taking  their  departure  from  them.  Every 
heterogeneous  mixture  should  be  avoided. 

It  is  not  the  same  thing  whether  you  twice  take  a 
measure  as  nearly  as  you  can,  and  lay  it  off  s^)arate- 
ly,  or  lay  off  two  openings  of  the  compasses  m  suc- 
cession unaltered;  for  though  the  same  opening, 
carefully  taken  off  from  the  same  scale  a  second  time, 
will  doubtless  fall  into  the  holes  made  by  the  first, 
without  sensible  error ;  yet  as  the  sloping  sides  of  the 
conical  cavities  made  by  the  first  points  will  conduct 
the  points  themselves  to  the  centre,  there  may  be  an 
error,  which,  though  insensible  to  the  sight,  would 
have  been  avoided  by  the  simple  process  of  lay- 
ing off  the  opening  twice,  without  altering  the  com- 
passes. 

As  the  whole  of  the  QO  arc  may  now  be  divided  by 
bisection,  it  is  equally  unexceptionable  with  the  q6 
fire ;  and,  consequently,  if  another  arc  of  po,  upon  a 
flifferent  radius,  was  laid  down,  they  would  be  real 
f*hecks  upon  each  other. 

Mr.  Ramsden^  in  layingdown  the  original  divisions 
on  his  dividing  engine,*  divided  his  circle  first  into 
five  parts,  and  each  of  these  into  three ;  these  parts 
3vere  then  bisected  four  times ;  but  being  apprehen- 

*  A  machine  only  used  for  instruments  of  radii  under  IS 
IQches.    Edit. 
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8ive  some  error  might  arise  from  quinquisection,  an(| 
trisection^  in  order  to  examine  die  accuracy  of  the 
divisions,  he  described  another  circle  -^  inch  within 
the  former,  by  continual  bisections,  >  but  found  no 
«ensibte  difference  between  the  two  sets  of  divisiona. 
It  appears  &Is«,  diat  Mr.  Birdj  notwithstanding  all 
Jiiis  objections  to,  and  declamations  against  the  pmc* 
jtice  of  stepping,  sometimes  used  it  himself.* 

*  The  late  skiffii]  dmder,  Mr*  John  TroughtoD,  from  ihe  difi* 
cuUy  of  QonstractiDg  a  sufficieojtly  accurate  icale  of  e<|uai  pert* 
^ipoQ  which  he  oould  rely,  contrived  the  oieaiis  of  dividing  hisec* 
tionally  without  one^  which  differs  from  Bird's  method,  only  in 
tiie  means  he  adopted  to  reach  the  point  which  terminates  the 
great  bisectiooal  arc,  and  b  thus  described,  as  a  preferable  method 
£>r  a  OHiral  qoadnnt,  by  his  ingenious  and  more  skilful  brother^ 
Mr.  Edward  Troughton.  <<  The  arcs  of  60^  and  80^  give  the 
total  arc,  as  before  stated,  and  let  the  last  arc  of  80^  be  bisected, 
also  the  last  arc  of  15^,  and  aeain  the  last  arc  of  7^  80".  Tlia 
two  marks  next  90^  will  now  be  82^  SO"  and  8&'  15',  oonse* 
quently  the  point  sought  lies  between  tbenv  Bisections  will  serve 
JUS  no  longer;  but  if  we  divide  this  space  equally  into  threeparts,  the 
most  forward  of  the  two  intermediate  marks  wijl  give  us  85^ ;  and 
if  we  divide  the  portion  of  the  arc  between  this  mark  and  86^  Iff 
also  into  three^  the  most  backward  of  the  two  marks  will  denote 
85^  SO' ;  lasdy,  if  we  divide  any  one  of  these  last  spaces  into  five» 
and  set  off  one  of  these  fiiUi  parts  backwards  from  85^*  SO',  we 
•hall  have  the  desired  point  at  1024  divisions  upon  the  arc  from 
p^.  All  .the  rest  of  the  divisions  which  have  been  made  in  this 
operation,  which  I  have  called  marks,  because  they  should  be  made 
as  faint  as  possible,  must  be  erased ;  for  my  brother  would  not 
suffer  a  mark  to  remain  upon  the  arc  to  interfere  with  his  future 
bisections/* 

The  use  of  mural  quadrants  in  our  observatories  is  now  super* 
seded  by  the  more  complete,  more  accurate  and  manageable  in- 
strument called  the  Astronomical  Circle.  To  the  fertile  inventive 
genius  and  transcendent  mechanical  l^kill  of  the  late  Mr.  Je9^ 
Jianuden  is  the  science  of  astronomy  indebted  for  the  various  con- 
structions of  this  circle,  with  its  microscopes  and  other  appendages 
for  reading  off  liieir  divisions  withextraordinaiy  accuracy,  and  also 
for  improved  constructions  of  the  large  Equatorial,  &c.  ThefoUow- 
ing  is  one  of  his  known  methods  of  dividing  large  instruments* 
He  divided  in  the  usual  way  by  beam  compasseii  and  spring  divi- 
ders, accompanied  with  microscopes  for  minute  exaniination,  cor* 
recting  in  the  progress  by  pressing  backwards  or  forwards,  by 
hand  with  a  fine  conical  point,  those  doU  apparently  erroneous, 
fuid  so  adjusting  Uiem  to  their  true  positions.  Mr.  Troughton  al* 
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It  will  be  necessary  to  give  the  young  praetitioner 
some  account  of  the  nature  and  use  of  that  admirable 
contrivance  commonly  called  a  nonius^  by  which  the 
divisions  on  the  limbs  of  instruments  are  subdivided. 

The  nonius  depends  on  this  simple  circumstance^ 

lowf  this  mediod  to  admit  of  condiderable  accuracnr  under  a  ftteady 
luuid  and  good  eye,  but  judges  the  divider's  work  will  ever  be  ir^ 
r^ular  and  inelegant.  He  must  have  a  circular  line  passing 
through  the  middle  of  his  dots,  to  preserve  them  at  an  equal  dig* 
taace  from  the  centre :  ihe  bisectional  arcs  also  which  cut  theia 
across  deform  them;  and,  what  is  worse,  the  dots  requiring  cor* 
rection  wiU  become  larger  than  the  rest,  and  unequally  so  in  pro- 
portion to  their  requisite  adjustment.  To  reduce  them  to  an  equa^ 
uty  with  neighbouring  ones,  a  burnisher  is  sometimes  used,^ 
which  may  cause  hoUows  in  the  surface,  and  dots  so  burnished  up 
are  generally  of  a  -  bad  figure  or  ill-defined.  Mr.  TroughtoA 
thinlu  it  would  be  an  improvement  to  divide  the  whole  by  hand 
at  once,  and  afterwards  to  revise  it,  which  will  prevent  the  cot« 
rected  dots,  as  in  the  above  method,  from  being  mjured  or  moved 
by  the  subsea«ient  application  of  the  compasses. 

Mr.  Bamsaen  haa  other  methods,  besiaes  the  above,  to  divide 
Us  large  Circles;  and  I  am  told  by  a  workman  from  his  woi'kshop, 
now  in  our  employ,  that  he  had  a  contrivance  by  fixed  double  mi- 
croscopes, with  micrometer  wires,  for  dividing  the  circle  in  a  less 
tedious  and  inaccurate  manner,  by  successively  bringing  the  sur* 
lace  of  the  circle  under  the  wires,  punctuating  the  dots,  and  sub* 
•equently  examining  and  correcting  them.  Before  this  time,  Mr. 
Troughton  states,  that  he  **  used  a  frame  which  carried  a  single 
wire  very  near  the  surface  to  be  divided ;  this  wire  was  moveable 
by  a  fine  micrometer  screw,  and  was  viewed  bv  a  single  lens  in- 
serted in  the  lower  end  of  a  tube,  which,  ibr  the  purpose  of  tak- 
ing off  the  parallax,  was  four  inches  long.  'The  greatest  objec- 
tion to  this  mode  of  constinicting  the  apparatus  is,  jthat  the  wire 
being  necessarily  exposed,  is  apt  to  gather  up  the  dust ;  yet  it  is 
preferable  to  the  one  now  in  use,  in  cases  where  any  doubt  is  en- 
lertained  of  the  accuracy  of  the  plane  which  is  to  receive  the  di- 
visions." 

Various  other  methods  bv  ingenious  artists  have  been  suggest- 
ed for  more  expeditiously  dividing  instruments.'  Mr.  Troughton 
candidly  acknowledges  that  several  persons  proposed  to  him  a 
new  method  of  dividmg  by  a  roH'er,  perambulating  the  edge  of  the 
circle  to  be  divided,  and  that  it  also  was  considered  as  feasible  a 
leng  time  back  by  Hooke,  8ttson,  and  otbe>8,  Mr.  Troughton,  as 
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that  if  any  line  be  divided  into  equal  parts,  the  length 
of  each  part  will  be  greater,  the  fewer  divisions  there 
are  in  the  original;  on  the  contrary,  the  length  of 
each  division  will  be  less  in  proportion,  as  the  divi- 
sions are  more  numerous. 

Thus,  let  us  suppose  the  limb  of  Hadley's  quad- 
rant divided  to  every  20  minutes,  which  are  the  smaU 
lest  divisions  on  the  quadrant;  the  two  extreme 
strokes  on  the  nonius  contain  seven  degrees,  or  21 


an  able  and  very  experienced  artist,  has  availed  himBelf  of  this 
priDc^>1e,  and  has  discovered  that  when  **  a  roller  is  properly 
proportioned  to  the  radius  of  the  circle  to  be  divided,  and  with 
its  edge  made  a  small  matter  conical,  so  that  one  side  niay  be 
too  great  and  the  other  too  little,  it  may  be  adjusted  so  exactly 
that  it  may  be  carried  several  times  round  the  circle  without  the 
error  of  a  single  second,  and  it  acts  with  so  much  steadiness 
that  it  may  not  unaptly  be  considered  as  a  w^heel  and  pinion  of 
indefinitely  high  numbers."  With  a  framed  apparatus  and  micro- 
scopic micrometer,  constructed  with  this  roller,  he  has  invented 
a  machine  that  very  expeditiously  punctuates  dots  upon  the 
circle  to  be  divided,  and  from  tables  of  apparent  errors  of  these 
dots  first  made,  and  another  table  of  real  errors  subsequently 
calculated  and  corrected  by  a  small  sectoral  instrument,  he  has 
disclosed  his  method  of  dividing  circular  instruments,  which  he 
states  will  require  but  about  a  fourth  part  of  the  time  of  that 
employed  after  the  method  ef  Mr.  Bird,  though  this  saving  of 
time  perhaps  cannot  be  absolutely  appreciated  by  future  artists, 
unless  much  experience  and  dexterity,  in  an  equal  degree,  in  both 
methods  have  been  used. 

For  further  particulars  I  refer  the  reader  to  Mr.  Trouc^hton's 
**  Account  of  a  Method  of  Dividing  Astronomical  ana  other 
Instruments f  by  occtdar  Inspection  ;  in  which  the  usual  Tools  for 
graduating  are  not  employed^  the  whole  Operation  Jbeing  so  con* 
trived  that  no  Error  can  occur,  but  what  is  chargeable  to  Vision^ 
when  assisted  by  the  best  optical  means  of  viewing  and  measuring 
minute  "Quantities.  Published  in  the  Philosophical  Transactions, 
for  1809,  and  in  tlie  34th  Volume  of  the  Philosophical  Magazine. 
In  the  same  volume  of  the  Transactions,  is  pnnted  an  account 
of  **  An  Improvement  in  the  Manner  of  dividing  Astronomical 
Instruments f**  by  H.  Cavendish,  Esq.  whose  method  consists 
in  using  a  beam  conipass  with  only  one  point,  and  a  microscope 
instead  of  the  ether,  thus  avoiding  the  setting  of  a  point  into 
a  division.    Tl>is  may  prove  useful  to  a  young  artist. 

This  paper  is  succeeded  by  another  "  On  a  Method  of  examine 
ing  the  Divisions  of  Astronomical  Instruments,  by  Profcs!*or  Lax^ 
oTCamhridge  Umversity.    Edit. 
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of  the  aforementioned  small  divisions,  but  that  it  it 
divided  only  into  20  parta  ;  each  of  these  parts  will 
be  longer  than  those  on  ttie  arc,  in  the  proportion  of 
21  to  20;  that  is  to  say,  they  will  be  one-twentieth 
part,  or  one  minute  longer  than  the  divisions  on  the 
arc.;  consequently,  if  the  first,  or  index  division  of 
the  nonius,  be  set  precisely  opposite  to  any  degree, 
the  relative  position  of  the  nonius  and  the  aj*c  must 
be  altered  one  minute  before  the  next  division  on  the 
nonius  will  coincide  with  the  next  division  on  tlie 
arc,  the  second  division  will  require  a  change  of  two 
minutes;  the  third,  of  three  minutes,  and  soon,  till 
the  20th  stroke  on  the  nonius  arrive  at  the  next  20 
minutes  on  the  arc;  the  index  division  will  then  have 
moved  exactly  20  minutes  from  the  division  whence 
it  set  put,  and  the  intermediate  divisions  of  each 
minute  have  been  regularly  pointed  out  by  the  divi- 
sions of  the  nonius.    * 

To  render  this  still  plainer,  we  must  observe  that 
the  index,  or  counting  division  of  the  nonius,  is  dis- 
tinguished by  the  mark  O,  which  is  placed  on  the  ex* 
treme  right  hand  division;  the  numbers  running 
regularly  on  thus,  20,  15,  10,  5,  O. 

The  index  division  points  out  the  entire  degrees 
and  odd  20  minutes,  subtended  by  the  objects  ob- 
served; but  the  intermediate  divisions  are  shewn  by 
the  other  strokes  of  the  nonius ;  thus,  look  among 
the  strokes  of  the  nonius  for  one  that  stands  directly 
opposite  to,  or  perfectly  coincident  with  some  one 
division  on  the  limb ;  this  division  reckoned  on  Hie 
nonius,  shews  the  number  of  minutes  to  be  added  to 
what  is  pointed  out  by  the  index  division. 

To  illustrate  this  subject,  let  us  suppose  two  cases. 
The  first,  when  the  index  division  perfectly  coincides 
with  a  division  on  the  limb  of  the  quadrant:  here 
there  is  no  difficulty,  for  at  whatsoever  division  it  is, 
that  division  indicates  the  required  angle.  If  the  in-f 
dex  divisions  stand  at  40  degrees,  40  degrees  is  the 
measure  of  the  acquired  angle.    If  it  coincide  w\t\\ 
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the  next  division  beyond  40  on  the  right  hand,  40 
degrees  20  minutes  is  the  angle.  If  with  the  second 
division  beyond  40,  then  40  degrees  40  minutes  it 
the  angle,  and  so  in  every  other  instance. 

The  second  case  is,  when  the  index  line  does  not 
coincide  tirith  any  division  on  the  limb.  We  are,  in 
this  instance,  to  look  for  a  division  on  the  nonius  that 
shall  stand  directly  opposite  to  one  on  the  limb^  and 
that  division  gives  us  the  odd  minutes,  to.be  added 
to  those  pointed  out  by  the  index  division :  thus, 
suppose  the  index  division  does  not  coincide  with  40 
degrees,  but  that  the  next  division  to  it  is  the  first  co- 
incident division,  then  is  the  required  angle  40  de- 
grees 1  minute.  If  it  had  been  the  second  division, 
the  angle  would  have  been  40  degrees  2  minutes, 
and  so  on  to  20  minutes,  when  the  index  division  co-^ 
incides  with  the  first  20  minutes  from  40  degrees. 
Again,  let  us  suppose  the  index  division  to  stand  be- 
tween 30  degrees  and  30  degrees  20  minutes,  and 
that  the  l6th  division  on  the  nonius  coincides  exact- 
ly with  a  division  on  the  limb,  then  th^  angle  is  30 
d^rees  l6  minutes.  Further,  let  the  index  division 
stand  between  3$  *  degrees  20  minutes  and  35  de- 
grees 40  minutes,  and  at  the  same  time  the  12th  di>- 
vision  on  the  nonius  stands  directly  opposite  to  a  di- 
vision on  the  arc,  then  the  anglq  will  be  35  degrees 
32  minutes. 

A   GENERAL   RULE   FOR   KNOWING  THE   VALUE   OF 
EACH  DIVISION,   ON  ANY  NONIUS  WHATSOEVER. 

1.  Find  the  value  of  each  of  the  divisions,  or  sub* 
divisions,  of  the  limb  to  which  the  nonius  is  applied. 
2.  Divide  the  quantity  of  minutes  or  seconds  thus 
found;  by  the  number  of  divisions  on  the  nonius,  and 
the  quotient  will  give  the  value  of  the  nonius  division. 

Thus,  suppose  each  subdivision  of  the  hmb  be  30 
minutes,  and  that  the  nonius  has  15  divisions,  then 
ff  gives  2  minutes  for  the  value  of  the  nonius.     If 
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the  nonius  has  10  divisions,  it  would  give  tliree 
minutes;  if  the  limb  be  divided  to  every  12  minutes, 
tnd  the  nonius  to  24  parts^  then  12  minutes^  or  720 
seconds  divided  by  24,  gives  30  seconds  for  the 
required  value* 


f . 


OF   INSTRUMENTS   FOR   DESCRIBING   CIRCLES   OF 
EVERY   POSSIBLE   MAGNITUDE. 

As  there  are  many  cases  where  arcs  are  required  to 
be  drawn  of  a  radius  too  large  for  any  ordinary  com* 
passes,  Mr.  Heywood  and  myself  contrived  several 
instruments  for  tliis  purpose ;  the  most  perfect  of 
these  is  delineated  at  Jig.  5,  plate  11.  It  is  an  in- 
strument that  must  give  great  satisfaction  to  every 
one  who  uses  it,  as  it  is  so  extensive  in  its  nature, 
being  capable  of  describing  arcs  from  an  infinite  ra« 
dius,  or  a  straighj:  line,  to  those  c^  two  or  three  inches 
diameter.  When  it  was  first  contrived,  both  Mr. 
Heywood  and  myself  were  ignorant  of  what  had 
been  done  by  tliat  ever  to  be  celebrated  mechanician^ 
Dr.  Uooke. 

Since  the  invention  thereof,  I  have  received  some 
very  valuable  communications  from  different  gentle- 
men,  who  saw  and  admired  the  simplicity  of  its  con^ 
struction ;  among  others,  from  Mr.  Nickoban^  au^ 
thor  of  several  very  valuable  works  ;  Dr.  Rotkera$tty 
,Earl  Stanhopd  and  /.  Priestley j  Esq.  of  Bradford, 
Yorkshij'c ';  the  last  gentleman  has  favoured  me  wii:h 
so  complete  an  investigation  of  the  subject,  and  a 
description  of  so  many  admirable  contrivances  to 
answer  tl>e  purpose  of  the  artist,  that. any  thing  I 
could  say  would  be  altogeth^  superfluous ;  I  shall, 
therefore,  be  very  brief  in  my  description  of  the 
instrument,  represented jf?^.  5,  plate  1 1 ,  that  1  may 
not  keep  the  reader  from  Mr.  Priestley's  valuable 
essay,  subjoining  Dr.  Hooke's  account  of  his  own 
contrivance  to  that  of  ours.  Much  is  always  to  be 
gained  from  an  attention  to  this  great  man ;  and  I 
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am  sure  my  reader  will  thiak  his  time  well  employed 
in  perusing  the  short  extract  I  shall  here  insert. 

Hie  branches  A  and  B^  J^*.  S,  plate  1 1,  carry  two 
indiependent  aqual  wheels  C^  D.  The  [pencil^  or 
point  £,  is  in  a  line  drawn  between  the  centre  of  the 
«xis  of  the  branches^  and  equidistant  from  each ;  a 
weight  is  to  be  placed  over  the  pencil  when  in  use. 
When  all  the  wheels  have  their  axes  in  one  line,  and 
the  instrument  is  moved  in  rotation,  it  will  describe 
n^  infinitely  small  circle ;  in  this  case  the  instru- 
ment wiU  overset.  When  the  two  wheels  C,  Dj 
have  their  horizontal  axes  parallel  to  each  other^  a 
right  line  or  infinitely  large  circle  will  be  described  a 
when  these  axea  are  inclined  to  each  other,  a  circle 
of  infinite  ootagnitude  will  be  described. . 

The  distance  between  one  axis  and  the  centre,  (or 
pencil^)  being  taken  as  unity,  or  the  common  radius, 
the  numbers  1,  2^  3^  4,  &c.  being  sought  for  ia  tha 
natural  tao^nts,  will  give  arcs  df  inclination  for 
setting  the  nonii^  and  at  whii^  cirdes  of  the  radii 
Qf  the  said  numbers^  multiplied  into  the  coiinmon 
ladius^  will  be  described. 
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is  the  radttts  of  a 
circle  made  by  the 
rollers  when  io- 
clined  at  these  an- 
gles: 
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5.48 
11.19 
16.42 
21.48 
2aS4 
30.58 
35- 
38.40 
41.59 
45. 
63.26 
71.34 
75^8 
78^2 
80.32 
81.52 
82.53 
83.40 
84.17 

87.  8 

88.  5 
b8.34 


128  or  IKSTRUMEKTI^  FOR 

Extracts  from  Dr.  Hookey  on  the  Difficulty^  ^c* 
of  Drawing  Arcs  of  Great  Circles.  "  This  thing, 
says  he,  is  so  diliicult,  that  it  is  alinost  impossible, 
especially  where  exactness  is  required,  as  I  was 
sufficiently  satisfied  by  the  difficulties  that  occurred 
in  striking  a  part  of  the  arc  of  a  circle  of  6o  feet  for 
the  radius,  for  the  gage  of  a  too]  for  grinding  teles-' 
cope  glasses  of  that  length ;  whereby  it  was  found, 
that  the  beam  compasses  made  with  all  care  and 
circumspection  imaginable^  and  used  with  as  great 
care,  would  not  perform  the  operation ;  nor  by  the 
way,  an  angular  compass,  such  as  described  by 
Guido  UbalduSj  by  Clavius,  and  by  Blagrave^  &Cr 

•*  The  Royal  Society  met  j  I  discoursed  of  my  in- 
strument to  draw  a  great  circle,  and  produced  an  in- 
strument I  had  provided  for  that  purpose ;  and  there- 
with, by  the  direction  of  a  wire  about  100  feet  long, 
I  shewed  how  to  draw  a  circle  ai  that  radius,  which 
gave  great  satisfdction,  &c.  Again,  at  the  last  meet* 
ing  I  endeavoured  to  explain  the  difficulties  there  are 
in  making  considerable  discoveries  either  in  nature  or 
art ;  and  yet,,  when  they  are  discovered,  they  often 
seem  so  obvious  and  plain,  that  it  seems  more  diffi- 
cult to  give  a  reason  why  they  were  not  sooner  disco- 
vered, than  how  they  came  to  be  detected  now ;  how 
easy  it  was,  we  now  think,  to  find  out  a  method  of 
printing  letters,  and  yet,  pxcept  what  may  have  hap- 
pened in  Chinay  there  is  no  specimen  or  history  of 
any  thing  of  that  kind  done  in  this  part  of  the  world. 
How  obvious  was  the  vibration  of  pendulous  bo- 
dies ?  and  yet,  we  do  not  find  that  it  was  made  use 
of  to  divide  the  spaces  of  time,  till  Galileo  discover- 
ed its  isochronous  motion,  and  thought  of  that  pro- 
per motion  for  it,  &c.  And  though  it  may  be  dif- 
ficult enough  to  find  a  way  before  it  be  shewn,  every 
one  will  be  ready  enou'gh  to  say  when  done,  that  it 
is  easv  to  do,  and  was  obvious  to  be  thought  of  and 
mvcntcd.'* 

To  illustrate  this,  the  Doctor  produced  an  instru- 
ment soqaewhat  similar  to  that  described,^]g".  5, plate 
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1 1,  j)s  appears  from  the  journal  of  the  Royal  Society, 
where  it  is  said,  that  Dr.  Hooke  produced  an  instru- 
ment capable  of  describing  very  large  circles,  by  the 
help  of  two  rolling  circles,  or  truckles  in  the  two 
ends  of  a  rule,  made  so  as  to  be  turned  in  their 
sockets  to  any  assigned  angle.  In  another  place  he 
had  extendc^d  his  views  relative  to  this  instrument, 
that  he  had  contrived  it  to  draw  the  arc  of  a  circle  to 
a  cetitre  though  at  ,a  considerable  distance,  where 
the  centre  cannot  be  approached,  as  from  the  top  of 
a  pole  set  up  in  the  midst  of  a  wood,  pr  from  the 
spindle  of  a  vane  at  the  top  of  a  tower,  or  from  a 
point  on  the  other  side  of  a  river  ;  in  all  which  cases 
the  centre  cannot  be  conveniently  approached, 
otherwise  than  by  the  sight.  This  he  performed  by 
two  telescopes,  so  placed  at  the  truckles,  as  thereby 
to  see  through  both  of  them  the  given  centre,  and 
by  thus  directing  them  to  the  centre,  to  set  the 
truckles  to  their  true  inclination,  so  as  to  describe 
by  their  motion,  any  part  of  such  a  circle  as  shall 
be  desired - 

METHODS     or    'describing      ARCS     OF     CIRCLES    OF 
LARGE   MAGNITUDE.       By   J.  PrIESTLEY;,    EsGt.    OF 

Bradford,  Yorkshire. 

In  the  projection  of  the  sphere,  perspective  and 
architecture,  as  well  as  in  /nany  other  branches  of 
practical  mathematics,  it  is  often  required  to  draw 
arcs  of  circles,  whose  radii  are  too  great  to  admit 
the  use  of  common,  or  even  beam  compasses  ;  and 
to  draw  lines  tending  to  a  given  point,  whose  si- 
tuation is  too  distant  to  be  brouglit  upon  the  plan. 
The  followinjj  essav  is  intended  to  furnish  some 
methods,  and  describe  a  few  instruments  that  may 
assist  the  artist  in  the  perlbrmance  of  both  these^ 
problems. 


K 


C   ISO   ) 

#F    HNDINC;    POINTS   IN,    AND   DESCRIBING  ARCS  OF 

LARGE   CIRCLES. 

The  methods  and  instruments  I  shall  propose  fot 
this  purpose,  will  chiefly  depend  on  the /following 
propositions,  which  I  shall  premise  as  principles. 

Principle  I .  The  angles  in  the  same  segment  of 
a  circle,  are  equal  one  to  another. 

Let  A  C  D  B,  fig.  l ,  plate  10,  be  the  segment  of 
a  circle :  the  angles  formed  by  lines  drawn  from  tht 
extremities  A  and  B,  of  the  base  of  the  segment,  to 
any  points  C  and  D  of  its  arc,  as  the  angles  A  C  B, 
ADB,  ar^  equal. 

This  is  the  31st  proposition  of  EucKiTs  third  book 
of  the  Elements  of  Geometry. 

Principle  2.  If  upon  the  ends  A  B,fig.  i,  plate  10, 
of  a  right  line  A  B  as  an  axis,  two  arcles  or  rollers 
C  D  and  E  F  be  firmly  fixed,  so  that  the  said  line 
shall  pass  through  the  centres,  and  at  right  angles  to 
the  plains  of  the  circles  ;  and  the  whole  be  suffered 
to  roll  upon  a  plain  without  sliding. 

1.  If  the  rollers  C  D  and  E  F  be  equal  in  diame* 
ter,  the  lines  described  upon  the  plain  by  their  cir* 
cumferences,  will  be  parallel  right  lines;  and  the 
axis  A  B,  and  every  line  D  F,  drawn  between  con-^ 
temporary  points  of  contact  of  the  rollers  and  plain, 
will  be  parallel  among  themselves. 

2.  If  the  rollers  C  D  ^nd  E  F  be  unequal,  then 
lines  formed  by  their  circumferences  upon  the  plain 
will  be  concentric  circles ;  and  th«  axis  A  B,  and 
also  the  lines  D  F,  will,  in  every  situation,  tend  to 
the  common  centre  of  those  circles. 

Principle  3.  If  there  be  two  equal  circles  or  rol- 
lers A  and  B,  ^g.  3,  plate  10,  each  separately  fixed 
to  its  own  axis,  moveable  on  pivots ;  and  these  axes 
placed  in  a  proper  frame,  so  as  to  be  in  the  sam^ 
plain,  and  to  maintain  the  situation  given  them  with 
respect  to  each  other ;  and  if  the  apparatus  h%  rolled 
upon  a  plain  without  sliding: 
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1 .  If  the  axes  C  D  and  £  F,  be  placed  in  a  parallel 
kituation^  the  circumferences  of  the  rollers  A  and  B 
will  trace  upon  the  plain  straight  lines ;  which  will 
be  at  right  angles  to  the  axes  C  D  and  £  F. 

2.  If  the  axes  C  D  and  £  F,  continuing  as  beforje 
in  the  same  plain,  be  inclined  to  eajch  other,  so  as  if 

Eroduced  to  meet  in  some  point  G,  the  rollers  A  and 
\  will  describe  in  their  motions  upon  the  plain  arcs 
of  the  same,  or  of  concentric  circles,  whose  centre 
is  a  point  H,  in  that  plain  perpendicularly  ui^der  the 
point  of  intersection  G  of  the  two  axes. 

I  shall  not  stop  to  demonstrate  the  truth  of  the 
two  last  principles,  it  will  easily  appear  on  seeing 
the  operations  performed. 

OF  the' SIMPLE   BEVEL. 

In  the  performance  of  some  of  the  following  pro- 
blems, an  instrument  not  unlike^^.  4,  plate  10,  will 
be  found  useful.  It  consists  of  two  rulers,  moveable 
on  a  common  centre,  like  a  carpenter's  rule,  with  a 
^  contrivance  to  keep  them  fixed  at  any  requiredangle. 
The  centre  C  must  move  on  a  very  fine  axis,  so  ap  to 
lie  in  a  line  with  the  fiducial  edges  C  B,  C  D  of  tl^ 
rulers,  and  project  as  little  as  possible  before  them« 
The  fiducial  edges  of  the  legs  represent  the  sides  of 
any  given  angle,  and  their  intersection  or  centre  C 
its  angular  point.  * 

A  more  complete  instrument  of  this  kind,  adapted 
to  various  pses  will  be  described  hereafter. 

JST.  B.  A  pin  fixed  in  the  lower  rule,  passes  through 
a  semicircular  groove  in  the  upper,  and  has  a  nut  A 
which  screws  upon  it,  in  order  to  fix  the  rulers  or 
legs,  when  placed  at  the  desired  angle. 

Problem  l.  Given  the  three  points  A,  B,  and 
C,  supposed  to  be  in  the  circuniference  (jf  a  circle 
too  large  to  be  described  by  a  pair  of  compasses; 
tojind  any  fiumber  of  other  points  in  that  circuni- 
ference. 

K2 
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This  may  be  performed  various  ways.  As  for 
example,  Jig.  5,  plate  10. 

1 .  Join  A  C,  which  bisect  with  the  line  F  M  G 
at  right  angles  ;  from  B,  draw  B  D  parallel  to  A  C, 
cutting  F  G  in  E  ;  and  making  E  D  =  E  B,  D  will 
be  a  point  in  the  same  circumference,  in  which  are 
A,  B,  and  C. 

By  joining  A  B,  and  bisecting  it  at  right  angles 
with  I  K ;  and  from  C  drawing  C  a  parallel  to  A  B, 
cutting  I  K  in  L,  and  making  L  a  =  L  C,  a  will  be 
another  of  the  required  points. 

Continuing  to  draw  from  the  pointy  last  found, 
lines  alternately  parallel  to  A  C  and  A  B ;  those 
lines  will  be  cut  at  right  angles  by  F  G  and  I K  re- 
spectively ;  and  by  making  the  parts  equal  on  each 
side  of  F  G  and  I K,  they  become  chords  of  the  cir- 
cle, in  which  are  the  original  points  A,  B,  and  C, 
and,  of  consequence,  determine  a  series  of  points  on 
each  side  of  the  circumference. 

It  is  {^ain  from  the  construction,  (which  is  too 
evident  to  require  a  formal  demonstration,)  that  the 
arcs  AD,  A  a,  Co,  &c.  intercepted  between  the 
points  A  and  D,  A  and  a^  C  and  c,  &c.  are  equal 
to  the  arc  B  C,  and  to  one  another. 

In  like  manner,  joining  B  C,  and  bisecting  it  at 
right  angles  with  P  Q ;  drawing  A  c'  parallel  to  B  C, 
and  making  II  c'  =  A  R,  (c')  is  another  of  the  re- 
quired points;  and,  from  (c')  the  point  last  found, 
drawing  c'  a^  parallel  to  C  A,  and  making  a^  N  =  N 
c',  (a')  IS  another  point  in  the  same  circumference; 
and  the  arcs  comprehended  between  C  c'  and  A  a'  are 
equal  to  that  between  AB:  Hence,  by  means  of 
the  perpendiculars  P  Q  and  F  G,  any  number  of 
jK)ints  in  the  circumference  of  the  circle,  passing 
through  the  given  ones.  A,  B,  and  C  may  be  found, 
whose  distance  is  equal  to  A  B,  in  the  same  manner, 
as  points  at  the  distance  of  B  C  were  found  by  the 
help  of  the  perpendiculars  I  K  and  F  G.  . 

Again,  if  A,  C,  and  (c)  or  A,  C,  and  (c^)  be  taken 
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t9  the  three  given  points,  multiples  of  the  arc  A  C 
may  be  found  in  the  same  manner  as  those  of  the 
arc  A  B  were  found  as  above  described. 

2.  Another  method  of  performing  this  problem,  is 
as  follows,  jig.  6,  platt  10.  Produce  C  B  and  C  A; 
and  with  a  convenient  radius  on  C,  describe  the  arc 
D  £ ;  on  which  set  off  the  parts  F  G,  G  E,  &c.  each 
equal  to  D  F ;  draw  C  G,  C  E,  &c.  continued  out 
beyond  G  and  E  if  necessary ;  take  the  distance  A  B, 
and  with  one  foot  of  the  compasses  in  A,  strike  an 
arc  to  cut  C  G  produced  in  H ;  and  H  is  a  point  in 
the  circumference  of  the  circle  that  passes  through  the 
given  points  ABC;  with  the  same  opening  A  B,  and 
centre  H,  strike  an  arc  to  cut  C  E  produced  in  I, 
which  will  be  another  of  the  required  points,  and  the 
process  may  be  continued  as  far  as  is  necessary. 

The  reason  of  this  construction  is  obvious ;  for 
since  the  angles,  B  C  A,  A  C  H,  H  C  I,  &c.  are 
equal,  they  must  intercept  equal  arcs  B  A,  AH, 
H I  of  the  circumference.  ' 

If  it  were  required  to  find  a  number  of  points  K, 
L,  &e.  on  the  other  side,  whose  distances  were  equal 
to  B  C,  lay  down  a  number  of  angles  OAK,  KAL, 
&c.  each  equal  to  B  A  C,  and  make  the  distances 
C  K,  K  L,  &c.  each  equal  to  B  C. 

BY  THE   BEVEL. 

This  problem  is  much  easier  solved  by  the  help 
of  the  bevel  above  described,  as  follows.     See  Jig.  5. 

Bring  the  centre  of  the  bevel, /?g*.  4,  to  the  middle 
B,  of  the  three  given  points  A,  B,  and  C,  and  hold- 
ing it  there,  open  or  shut  the  instrument  till  the  fidu- 
cial edges  of  the  legs  lie  upon  the  other  two  points, 
and  fix  them  there,  by  means  of  the  screw  A,  (Jig. 
4);  this  is  called  settingthe  bevel  to  the  given  points. 
Then  removing  the  centre  of  the  bevel,  to  any  part 
between  B  and  A  or  C,  the  legs  of  it  Ijeing  at  the 
same  time  kept  upon  A  and  C,  that  centre  will  de- 
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scribe  (or  be  tlways  found  in)  the  arc  which  p^ses 
through  the  given  points^  and  will^  by  that  meant, 
ascertain  as  many  others  as  may  be  required  within 
the  limits  of  A  and  C. 

In  order  to  find  points  without  those  limits,  pro* 
ceed  thus  :  the  bevel  being  set  as  above  described, 
bring  tlie  centre  to  C,  9nd  mark  the  distance  €  B 
upon  the  l(Ji  leg ;  remove  the  centre  to  B,  and  mark 
the  distance  B  A  on  the  same  leg ;  then  placing  the 
centre  on  A,  bring  the  right  leg  upon  B,  and  the 
first  mark  will  fall  upon  (a)  a  point  in  the  circum- 
ference of  the  circle,  passing  through  A,  B,  and  C, 
whose  distance  from  A  is  equal  to  the  distance  B  C, 
Removing  the  centre  of  the  bevel  to  the  point  (a) 
last  found,  and  bringing  the  right  leg  to  A,  the 
second  mark  will  find  another. point  (a')  in  the  same 
circumference,  whose  distance  aa^  is  equal  AB. 
Proceeding  in  this  manner,  any  number  of  points 
may  be  found,  whose  distances  on  the  circumference 
are  alternately  B  C  and  B  A. 

In  the  same  manner,  making  similar  marks  on  the 
right  leg,  points  on  the  other  side,  as  at  (c')  and  (c^) 
are  found,  whose  distances  Cc,  c^c^,  are  equal  to 
B  A,  B  C  respectively. 

It  is  almost  unnecessary  to  add,  that  intermediate 
points  between  any  of  the  above  are  given  by  the 
bevel,  in  the  same  manner  as  between  the  original 
points. 

Problem  2,  Fig.  7>  /»te/e  10,  Three  points j  A,  B, 
amfC,  being  given^  as  in  the  last  problem,  tofnda 
fourth  point  D,  situated  in  the  circumference  of 
the  circle  passing  through  A,  B,  and  C,  and  at  a 
given  humber  of  degrees  distance  from  any  of  these 
points;  A  J  or  insiatice* 

Make^the  angles  A  B  D,  and  A  C  D,  each  equal 
to  one  half  of  the  angle,  which  contains  the  given 
number  of  degrees,  and  the  intersection  of  the  lines 
B  D,  C  D  gives  the  |X)int  D  required. 

For,  an  angle  at  the  circumference  being  equal  to 
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lialf  that  at  the  centre,  the  arc  A  D  will  contain 
twice  the  number  of  degrees  contained  by  either  of 
the  angles  A  B  D  or  A  C  D. 

Problems.  Fig^S,  plate  10.  Given  three  points^ 
as  in  the  former  problems ^  to  draw  a  line  from  any 
one  of  them,  tending  to  the  centre  of  the  circle, 
which  passes  through  them  all. 

Let  A,  B,  and  C  be  the  given  points,  and  let  it  be 
required  to  draw  A  D,  so  as,  if  continued,  it  would 
pass  through  the  centre  of  the  circle  containing 
A,  B,  and  C 

Make  the  angle  BAD  equal  to  the  complement 
of  the  angle  B  C  A,  and  A  D  is  the  line  required. 

For,  supposing  A  £  a  tangent  to  the  point  A, 
then  is  £  A  D  a  right  angle,  and  £  A  B  =  B  C  A ; 
whence,  B  A  D  =  right-angle,  less  the  ^  B  C  A, 
or  the  complement  of  B  C  A. 

Corollary  I .  A  D  being  drawn,  lines  from  B  and 
C^  or  any  other  points  in  the  same  circle,  are  easily 
found ;  thus,  make  A  B  G  =  B  A  D,  which  gives 
BG;  then  make  BCF=CBG,  which  gives  CF; 
or  C  F  may  be  had  without  the  intervention  of  B  G, 
by  making  A  C  F  =  C  AD. 

Corollary  2.  A  tangent  to  the  circle,  atanyoftha 
points  (A  ror  instance),  is  thus  found. 

Make  BA£=BCA,  and  the  line  A£  will 
touch  the  circle  at  A.  ' 

By  the  bevel.  Set  the  bevel  to  the  three  given 
points  A,  B,  and  C,  {Jig.S.)  lay  the  centre  on  A, 
and  the  right  leg  to  the  point  C ;  and  the  other  leg 
will  give  the  tangent  A  G'. ,  Draw  A  D  perpendi- 
cular  to  A  G'  for  the  line  required. 

For  BA£being  =BCA,  the^lEAC  is  the 
supplement  to  ^  A  B  C,  or  that  to  which  the  bevel 
is  set;  hence,  when  one  leg  is  applied  to  C,  and  the 
centre  brought  to  A,  the  direction  of  the  other  leg 
must  be  in  that  of  the  tangent  G  £. 

Problem  4.  Fig.  9,  plate  10.  Three  points  be- 
ing given,  as  in  the  former  problems  ^  to  draw  from 
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a  given  fourth  point  a  line  tending  to  the  centre  of 
a  circle  panning  through  thejirst  three  points. 

Let  the  three  points,  througli  which  the  circle  is 
supposed  to  pass,  be  A,B,  and  Cjand  the  given  fourth 
point  D ;  it  is  required  to  draw  through  D  a  line 
D  d  tending  to  the  centre  •£  the  said  circle. 

From  A  and  B,  the  two  points  nearest  D,  draw  by 
the  last  problem,  the  lines  A  a,  B  b,  tending  to  the 
said  centre ;  join  A  B,  and  from  any  point  E,  taken 
in  B  b,  (the  farther  from  B  the  better)  draw  E  F  pa- 
rallel to  A  a,  cutting  A  B  in  F ;  join  A  D  and  B  D, 
and  draw  FG  parallel  to  AD,  cutting  DB  in  G  ; 
join  G  E,  and  through  D  parallel  thereto,  draw  D  d 
for  the  line  required. 

For,  (continuing  D  d  and  B  b  till  they  meet  in 
O,)  since  A  a  and  B  b,  if  produced,  would  meet  in 
the  centre,  and  E  E  is  parallel  to  A  a,  we  have 
B  F  :  B  A  ::  B  E  :  radius ;  also,  since  A  D  and  F  G 
are  parallel,  BF:BA::BG:BD;  therefore 
B  G  :  BD  ::  BE  :  radius,  but  from  the  parallel 
lines  Dd  and  GE,  vyehave  BG:BD  ::  B  E:BO; 
hence  B  O  is  the  radius  of  the  circle  passing  through 
A,  B,  and  C. 

'  By  the  bevel.  OnD  with  radius  DA  describe 
ftn  arc  A  K;  set  the  bevel  to  the  three  given  points 
Aj  B,  and  C,  and  bring  its  centre  (always  keeping 
the  legs  on  A  and  C)  to  fall  on  the  arc  A  K,  as  at 
H;  on  A  and  11  severally,  with  any  convenient 
radius,  strike  two  arcs  crossing  each  other  at  I ;  and 
the  required  line  D  d  will  pass  through  the  points  I 
and  D. 

For  a  line  drawn  from  A  to  H  will  be  a  common 
chord  to  the  circles  A  H  K  and  ABC;  and  the  line 
I  D  bisecting  it  at  right  angles,  must  pass  through 
both  their  centres. 

Problem  5.  Fig,  9,  plate  10.  Three  points 
being  given^  as  before^  together  with  ajourth  point ^ 
to  Jind  tzvo  othtr  pointSy  such^  that  a  circle  pasS'- 
ing  through  ihcm  and  the  fourth  pointy  shall  be 
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concentric  to  •  that  passing  through  three  given 
points. 

Let  A,  B,  and  C  be  the  three  given  points,  and  D 
the  fourth  point ;  it  is  required  to  find  two  other 
points,  as  N  and  .P,  such,  that  a  circle  passing 
through  N,  D,  and  P  shall  have  the  same'centre  with 
that  passing  through  A,  B,  and  C. 

The  geometiicai  construction  being  performed 
as  directed  by  the  last  problem,  continue  E  G  to  L^ 
making  £  L  =  K  B  ;  and  through  B  and  L  draw 
B  L  M,  cuttjng  D  d  produced  in  M;  make  ArN  and 
B  P  severally  equal  to  M  D,  and  N  and  P  are  the 
points  required. 

For,  since  L  E  is  parallel  to  M  O,  we  have  B  E  : 
LE  ::  BO  :  MO;  but  BE=LE  by  the  con- 
struction ;  therefore,  M  O  =  B  O  =  radius  of  the 
circle  passing  through  A,  B,  and  C,  and  M  is  in  the 
circumference  of  that  circle.  Also,  N,  D,  and  P 
being  points  of  the  radii,  equally  distant  from  A, 
M,  and  B  respectively,  they  will  be  in  the  circum- 
ference of  a  circle  concentric  to  that  passing  thrbuglj 
A,  M,  and  B,  or  A,  B,  and  C. 

By  the  bevel.  Draw  A  a  and  C  c  tending  to  the 
centre,  by  problem  3 ;  set  the  bevel  to  tlie  three 
given  points  A,  B,  and  C;  bring  the  centre  of  tlie 
bevel  to  D,  and  move  it  upon  that  point  till  its  legs 
cut  off  equal  parts  A  N,  C  Q  of  the  lines  A  a  and 
C  c;  and  N  and  Q  will  be  the  points  required. 

For,  supposing  lines  drawn  from  A  to  C,  and 
from  N  to  Q,  the  segments  ABC  and  N  D  Q  will 
lie  similar  ones ;  and  consequently,  the  angles  con- 
tained in  them  will  be  equal. 

PROtiLEM  6.  Fig,  10,  plate  10.     Three  points j 

A,  B,  a7id  C,  li/iiig  in  the  circmnference  of  a  circle^ 
being  given  as  bejore  ;  and  a  fourth  point  D,  tofnd 
another  point  F,  such,  that  a  circle  passing  through 
F  and  D  shall  touch  the  other  passing  through  A, 

B,  andCy  at  any  of  these  points;  as  J  or  instance,  B. 
Draw  B  E  a  tangent  to  the  arc  ABC,  by  pro* 
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blem  3,  corollary  2;  and  join  BD;  draw  BF^ 
making  the  angle  DBF  =  £BD,  with  the  dia* 
tance  JB  D ;  on  D  strike  an  arc  to  cut  B  F  in  F; 
and  F  is  the  point  sought. 

Since  DFr=DB,  the  Z.  DFB  =  DB  F;  but 
DBF=:DB£bv  construction ;  therefore,  DFB 
sDBE,  andEB  is  a  tangent  to  the  arc  B  D  F  at 
B ;  but  E  B  is  also  a  tangent  to  the  arc  A  B  C  (by 
construction,)  at  the  same  point;  hence^  the  arc 
B  D  F  touches  A  B  C  as  required. 

Problem  7.  Fig.  13^  plate  10.  Two  lines  tend^ 
ing  to  a  distant  point  being  given^  and  also  a  point  in 
one  of  them  ;  to  find  two  other  points^  (one  of  which 
must  be  in  the  other  given  line,)  such,  that  a  circle 
passing  through  those  three  points^  may  have  its 
centre  at  the  point  of  intersection  of  tht  given  lines. 

Let  the  given  lines  be  AB  and  C  D,  and  £  the 
given  point  in  one  of  them ;  it  is  required  to  find 
two  other  points,  as  I  and  H,  one  of  which  (!) 
ih;^Il  be  in  the  other  line,  such,  that  a  circle  H I  £ 
parsing  through  the  three  points,  shall  have  its 
centre  at  O,  where  the  given  lines,  if  produced^ 
would  meet.  r 

From  £,  the  given  point,  draw  £  H,  crossine 
A  B  at  right  angles  in  F :  make  F  H  s  F  E,  and  H 
is  one  of  the  required  points.  From  any  point  D  in 
C  D,  the  farther  from  £  the  better,  draw  G  D  paid-' 
lei  to  A  B,  and  make  the  angle  H  £  I  equal  to  half 
the  angle  GDE;  and  EI  will  cut  A  B  in  I,  the 
other  required  point. 

For,  aince  E  H  crosses  A  B  at  right  angles,  and 
H  F  is  equal  to  F  E,  I  H  will  be  equal  to  1  £,  and 
theZ.HEI  =  Z.EHI;  also,  since  G  D  is  parallel 
toAB,theZGDE  =  ZFOE=doubleZ.IH£ 
=  doubleZ.HEI;  but  HEI  =  half^G  DEby 
construction ;  hence,  the  points  E,  I,  and  H  are  in 
the  circle  whose  centre  is  O. 

By  the  bevel.  Draw  E  H  at  right  angles  to  A  B, 
and  make  F  H  =  F  £  as  before ;  Mt  the  bevel  to  the 
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«ngle  GD  O,  and  keeping  its  legs  on  the  points  H 
and  £,  bring  its  centre  to  the  line  A  B^  which  will 
give  the  point  I. 

P&oblbbA  8.  Fig.  13,  plate  10.  Two  lines  tend- 
ing to  a  distant  point  being  given^  tojind  the  dii^ 
tance  of  that  point. 

Let  A  B  and  C  D  be  the  two  given  lines,  tending 
to  a  distant  point  O  ;  and  let  it  be  required  to  finl 
the  distance  of  that  point,  from  any  point  (£  for 
instance)  in  either  of  the  given  lines. 

From  £  draw  £  F  perpendicular  to  A  B ;  and 
from  D  (a  point  taken  any  where  in  C  D,  the  fitr- 
ther  from  £  the  better)  draw  D  G  parallel  to  A  B* 
On  a  scale  of  inches  and  parts  measure  the  lengths 
of  G  £,  £  J)  and  £  F  separately ;  then  say,  as  the 
length  of  G£  is  to  £D,  so  is£F  to  £0,  th($ 
distance  sought. 

For  rtie  triangles  £  G  D  and  £  F  O  are  similar^ 
and  fix>m  thence  the  rule  is  manifest. 

OF  INSTRUMENTS  FOR  DRAWING  ARCS  OF  LAR6B 
circles/  and  lines  tending  TO  A  DISTANT 
POINT. 

I  shall  now  proceed  to  give  some  idea  of  a  few 
instruments  for  these  purposes,  whose  rationale 
depends  on  the  principles  laid  down  in  the  begin* 
ning  of  this  essay. 

1.   AN   IMFROVED   bevel. 

Fig.  12,  plate  10,  is  a  sketch  of  an  instrument 
grounded  upon  principle  1,  p.  130,  by  which  the 
arcs  of  circles  of  any  radius,  without  the  limits  at- 
tainable by  a  common  pair  of  compasses,  may  be 
described. 

It  consists  of  a  ruler  A  B,  composed  of  two  pieces 
rivelted  together  near  C,  the  centre,  or  axis,  and 
of  a  triangular  part  C  F  £  D.  The  axis  is  a  hollow 
jiocket^  fi^ed  to  the  triangular  part^  about  which 
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Another  socket,  fixed  to  the  arm  C  B  of  the  ruler 
AB,  turns.  These  sockets  are  open  in  the  front, 
for  part  of  their  length  upwards,  as  represented  in 
the  section  at  I,  in  order  that  the  point  of  a  tracer  or 
pen,  fitted  to  shde  in  the  socket,  may  be  more  easily 
seen. 

The  triangular  part  is  furnished  with  a  grar 
duated  arc  D  E,  by  which,  and  the  vernier  at  B, 
the  angle  D  C  B  may  be  determined  to  a  minute. 
A  groove  is  made  in  this  arc,  by  which,  and  by 
the  nut  and  screw  at  B,  or  some  similar  contri- 
vance, the  ruler  A  B  may  be  fixed  in  any  required 
position. 

A  scale  of  radii  is  put  on  the  arm  C  B,  by  which 
the  instrument  may  be  set  to  describe  arcs  of  given 
circles,  not  less  than  20  inches  in  diameter.  In  order 
to  set  the  instrument  to  any  given  radius,  the  num- 
ber expressing  it  in  inches  on  C  B  is  brought  to  cut 
a  fine  line  drawn  on  C  D,  parallel,  and  near  to  the 
fiducial  edge  of  it,  and  the  arms  fastened  in  that  po- 
sition by  the  screw  at  B. 

Two  heavy  pieces  of  lead  or  brass,  G,  G,  made 
in  form  of  tlie  sector  of  a  circle,  the  angular  parts  , 
being  of  steel  and  wrought  to  a  true  upright  edge, 
as  shewn  at  H,  are  used  with  this  instrument, 
whose  arms  are  made  to  bear  against  those  edges 
when  the  arcs  are  drawn.  The  under  sides  of  these 
sectors  are  furnished  with  fine  short  points,  to  pre- 
vent them  from  sliding. 

The  fiducial  edges  of  the  arms  C  A  and  C  D 
are  each  divided  from  the  centre  C  into  200  equal 
parts. 

The  instrument  might  be  furnished  with  small 
castors,  like  the  pen tagraph;  but  little  buttons  fixed 
on  its  underside,  near  A,  E,  and  D,  will  enable  it  to 
slide  with  sufiicient  ease. 
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50ME   INSTANCES   OF   ITS    USE. 

1 .  To  describe  an  arc^  which  shall  pass  through 
three  given  points. 

Place  the  sectors  G,  G,  with  their  angular  edges 
over  the  two  extreme  points  ;  apply  the  arras  of  the 
bevel  to  them,  and  bring  at  the  same  time  its  centre 
C  (that  is,  the  point  of  the  tracer,  or  pen,  put  into 
the  socket)  to  the  third  point,  and  there  fix  the  arm^ 
C  B ;  then,  bringing  the  tracer  to  the  left  hand  sec- 
tor, slide  the  bevel,  keeping  the  arms  constantly 
bearing  against  the  two  sectors,  till  it  comes  to  the 
right  hand  sector,  by  which  the  required  arc  will  be 
described  by  the  motion  of  its  centre  C. 

If  the  arc  be  wanted  in  some  part  of  the  drawing 
without  the  given  points,  find,  by  problem  1,  p.  131, 
other  points  in  those  parts  where  the  arc  is  required. 
By  this  means  a  given  arc  may  be  lengthened  as  far 
as  is  requisite. 

2.  To  describe  an  arc  of  a  given  radius^  not  less 
than  10  inches. 

Fix  the  arm  C  B  so  that  the  part;  of  its  edge,  cor- 
responding to  the  given  radius,  always  reckoned 
jin  inches,  may  lie  over  the  fine  line  drawn  on  C  D 
for  that  purpose:  bring  the  centre  to  the  point 
through  which  the  arc  is  required  to  pass,  and  dis- 
pose the  bevel  in  the  direction  it  is  intended  to  be 
drawn ;  place  the  sectors,  G,  G,  exactly  to  the  divi- 
sions 100  on  each  arm,  and  strike  the  arc  as  above 
described. 

3.  The  bevel  being  set  to  strike  arcs  of  a  given 
radiuSj  as  directed  in  the  last  paragraph^  to  draw 
other  arcs  whose  radii  shall  have  a  given  proportion 
to  that  of  thejirst  arc. 

Suppose  the  bevel  to  be  set  for  describing  arcs  of 
50  inches  radius,  and  it  be  required  to  draw  ^rcs  o$ 
Oo  inches  radius,  with  the  bevel  so  set. 
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Say,  as  50,  the  radius  to  which  the  bevel  is  set, 
is  to  60,  the  radius  of  the  arcs  required  ;  so  is  the 
constant  number  100  to  120,  the  number  on  the 
arms  C  A  and  C  D,  to  which  the  sectors  must  be 
placed,  in  order  to  describe  arcs  of  60  inches  ra* 
dius. 

N.B.  When  it  is  said  that  the  bevd  is  set  to 
draw  arcs  of  a  particular  radius,  it  is  always  un- 
derstood  that  the  sectors  6,  G,  are  to  be  placed  at 
No.  100  on'  C  A  and  C  D,  when  those  arcs  are 
drawn. 

4.  An  arc  ACB  (Jig.  11,  plate  10)  being  given, 
to  draw  other  arcs  concentric  theretOy  which  shall 
pass  through  any  given  point,  as  P^J'or  instance. 

Through  the  extremities  A  and  B  of  the  given  arc 
draw  lines  A  P,  B  P  tending  to  its  centre,  by  pro- 
blem 3,  p.  185.  Take  the  nearest  distance  of  the 
given  point  P  from  the  arc,  and  set  it  from  A  to  P, 
and  from  B  to  P.  Hold  the  centre  of  the  bevel  on 
C,  (any  point  near  the  middle  of  the  given  arc)  and 
bring  its  arms  to  pass  through  A  and  B  at  the  same 
time,  and  there  fix  them.  Place  the  sectors  to  the 
points  P  and  P,  and  with  the  bevel,  set  as  4>efore 
directed,  draw  an  arc,  which  will  pass  through  P, 
the  given  point,  and  be  concentric  to  the  given  arc 
ACB. 

5.  Through  a  point  A^  (Jig.  i  4,  plate  10)  in  the 
given  line  A  B,  to  strike  an  arc  of  a  given  radiusy 
and  whose  centre  shall  lie  in  that  Une,  produced  if 
necessary. 

Set  the  bevel  to  the  given  radius,  as  above  de* 
scribed,  (Method  2.) 

Through  A,  at  right  angles  to  A  B,  draw  CD; 
lay  the  centre  of  the  bevel,  set  as  above,  on  A,  and 
the  arm  C  A,  on  the  line  A  C,  and  draw  a  line  A  £ 
along  the  edge  C  D  of  tlie  other  arm.  Divide  the 
angle  DAE  into  two  equal  parts  by  the  line  A  Fj, 
place  the  bevel  so,  that  its  centre  being  at  A,  the, 


arm  C  D  shall  lie  on  A  F ;  while  in  this  situation^ 
place  the  sectors  at  No.  100  on  each  arm,  and  then 
strike  the  arc. 

6.  An  arc  being  given,  to  find  the  length  of  its 
radius. 

Place  the  centre  of  the  bevel  on  the  middle  of 
the  arc,  and  open  or  shut  the  arms,  till  No.  100 
on  C  A  and  C  D  fall  upon  the  arc  on  each  side  the 
centre ;  the  radius  will  be  found  on  C  B  (in  inches) 
at  that  point  of  it,  where  it  is  cut  by  the  line  drawn 
on  C  D. 

If  the  extent  of  the  arc  be  not  equal  to  that  be* 
tween  the  two  Numb.  100,  make  use  of  the  Numb. 
50,  in  which  case  the  radius  found  on  C  B  will  be 
double  of  that  sought ;  or  the  arc  may  be  lengthened, 
by  problem  1 ,  till  it  be  of  an  extent  sufficient  to  ad'- 
mit  the  two  Numbers  1 00. 

Many  more  instances  of  the  use  of  this  instru- 
ment might  be  ^ven ;  but  from  what  has  been  al- 
ready  done,  and  an  attentive  perusal  of  the  forgoing 
problems,  the  principle  of  them  may  be  easily  con- 
ceived. 

2.   THE   OELiaUE    RULER. 

An  instrument  for  drawing  lines  that  are  paral^ 
lei,  is  called  a  parallel  rqler ;  one  for  drawing 
lines  tending  to  a  point,  as  sUch  lines  are  oblique  to 
each  other^  may,  by  analogy,  be  called  an  oblique 
mlcr.     . 

Fig.  17,  plate  10,  represeiitd  a  simple  contrtvance 
for  this  purpose ;  it  consists  of  a  cyKndrical  or  pris- 
matical  tube  AB,  to  one  end  of  which  is  fixed  the 
roller  A ;  ioto  this  tube  there  slides  another  C  B  of 
six  or  eight  flat  sides.  The  tubes  slide  stiffly,  so  as 
Co  remain  in  the  position  in  which  they  are  placed* 
Upon  the  end  C^  screw  difierent  rollers,  all  of  them 
something  smaller  than  A. 

In  order  to  describe  arcs,  a  drawing  nen  £,  and 
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ti  tracer  may  be  put  on  the  pin  D,  and  are  retained 
there  by  a  screw  G ;  the  pen  is  furnished  with  a 
moveable  arm  E  F,  having  a  small  ball  of  brass  F 
at  the  end,  whose  use  is  to  cause  the  pen  to  press 
with  due  force  upon  the  paper,  the  degree  of  which 
can  be  regulated  by  placing  the  arm  in  different  po- 
sitions. 

The  ruler  A  B  being  set  to  any  given  line,  by 
rolling  it  along^  other  lines  may  be  dcawn,  all  of 
which  will  tend  to  some  one  point  in  the  given 
line,  or  a  continuation  of  it,  whose  distance  will 
be  greater,  as  the  distance  between  the  rollers  A 
and  C  is  increased ;  and  as  the  diameter  of  C  ap- 
proaches that  of  A ;  all  which  is  evident  from  prin } 
ciple  2,  page  1 30. 

It  also  appears  from  the  said  principle,  that  du- 
ring the  motion  of  the  ruler,  any  point  in  its  axis 
will  accurately  describe  the  arc  of  a  circle,  having 
the  said  point  of  intersection  for  its  centre ;  and, 
consequently,  the  pen  or  tracer,  put  on  the  pin  D,, 
will  describe  such  arcs. 

'The  rollers,  as  C,  which  screw  upon  the  end  of 
the  inner  tube  are  numbered,  1,  2,  3,  &c.  and  as 
many  scales  are  drawn  on  that  tube  as  there  are 
rollers,  one  belonging  to  each,  and  numbered  accor- 
dingly. These  scales  shew  the  distance  in  inches,  of 
the  centre  or  point  of  intersection,  reckoned  from 
the  middle  of  the  pin  D,  (agreeing  to  the  point  of  the 
pen  or  tracer ;)  thus ; 

No.  1,  will  describe  circles,  or  serve  for  drawing 
lines  tending  to  a  point,  whose  radius  or  distance 
from  D,  is  from  1200  inches  to  600  inches,  accord- 
ing as  the  tube  is  drawn  out. 

No.  2  -     from  600  inches  to  300  inches 
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If  it  should  be  required  to  extend  th6  radius  of 
distance  farther  than  I'iOO  inches,  by  using  ano- 
ther ruler,  it  might  be  carried  to  2400  inches ;  but 
lines  in  any  coiDmoti  sized  drawing,  which  tend  to 
a  point  above  100  feet  distance,  may  be  esteemed  as 
parallel.      ^  >  - 

3:!   AKOtHER   RtiLER  OF  THE   SAME   KIKD« 

Fig.  18,  plate  10.  This  is  nothing  more  than  the 
last  instrument  applied  to  a  flat  ruler,  in  the  manner 
the  rolling  parallel  rulers  are  made. 

CD  is  an  hexagonal  axis,  moveable  on  pivots 
in  the  heads  A  and  F  ftsed  upon  a  fiat  ruler ;  on 
this  axis  the  smallei^  roller  B,  is  made  to  slide 
through  one  half  of  its  length  ;  the  larger  rbllet  A, 
is  screwed  on  the  other  end  of  the  axis,  and  can'  b^ 
changed  occasionally  for  others  of  different  diameters. 
Scales  adapted  to  each  of  the  rollers  at  A,  are  either 
put  on  the  flat  sides  of  the  axis  irom  C  to  £,  or 
drawn,  on  the  corresponding  part  of  the  flat  ruler  ; 
and  the  scales  and  rollers  distinguished  by  the  same 
number :  at  F  is  a  screw  to  raise  or  lower  the  end 
C  of  the  axis,  till  the  ruler  goes  parallel  to  the  pap^ 
on  which  the  drawing  is  made ;  and  at  G  there  is  a 
socket,  to  which  a  drawing  pen  and  tracer  is  adapted 
for  describing  arcs.  " 

In  using  these  instruments,  the  Angers  should  be 
placed  about  the  middle  part  between  the  roUers^ 
and  the  ruler  drawn,  or  pushed  at  right  angles  to  its 
length.  The  tube  A  B,  Jig.  1 7,  .and  one,  or  both  of 
the  edges  of  the  flat  ruler.  Jig.  1 8,  are  divided  into 
inches  and  tenths. 

4.   THE   CYCLOGRAPH. 

» 

This  instrument  is  constructed  upon  the  third  prin- 
ciple mentioned  in  page  130  of  this  Essay. 

Fig.  16,  plate  10,  is  composed  of  five  rulers ;  four 
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ef  thMi  DB,  DF,  G  £  and  GF,  forcing  a  trape- 
zium^ are  moveable  on  the  joints  D,  £,  F  and  G ; 
the  fifth  ruler  D  I,  passes  under  the  joint  D,  and 
through  a  Socket  canyiiig  the  opposite  joint  G» 
The  distances  from  the  centle  of  the  joiut  D,  to  that 
of  the  joints  £  and  F,  are  exactly  equal,  as  are  the 
distances  from  G  to  the  same  joints.  The  rulers  D  £ 
and  D  F  pass  beyond  the  joints  £  and  F>  where  a 
roller  is  fixed  to  each  ;  the  rollers  are  fixed  upon 
tbeiraxes,  which  move  freely,  but  steadily  on  pivots, 
so  as  to  admit  of  no  shake  by  which  the  inclination 
of  the  axes  can  be  varied.  The  ruler  I  D  passiog 
beyond  the  joint  Q,  carries  a  third  roller  A^  kkethe 
others^  whose  axis  lies  precisely  in  the  direfctioH  of 
that  ruler ;  the  axes  0f  B  and  C  extend  to  K  and  h* 

A  scale  is  put  on  the  ruler  D  I,  from  H  to  G, 
shying,  biy  the  position  of  the  socket  G  thereon>  the 
length  of  the  raclius  of  the  arc  in  inches,  that  would 
be  described  •t^y  the  end  I,  in  that  position  of  the 
tiap^ium.  When  tlie  socket  G  is  brought  to  tha 
eiM  of  the  scale  near  I^  the  axes  c^  the  two  rollers  B 
and  C,  the  ruler  D  I,  and  the  axis  of  the  roller  A^ 
are  precisely  parallel  ^  and  in  this  pomtion,  the  end 
i^  or  any  otiier  point  in  D  I,  will  describe  straight 
lines  at  night  anigles  to  D I ;  but  on  sliding  the  socket 
jpr  towards  H»  an  inclination  is  given  to  the  axes  of 
B  and  C,  so  as  to  tend  to  some  point  in  the  line  I D^ 
paif tiAued  beiyofid  D,  whose  distance  from  I  is  shewn 
by  the  scale. 

A  |>foper  socket,  for  holdii^  a  pen  or  tracer,  is 
made  to  put  on  the  end  I,  for  the  purpose  of  de- 
scribing arcs  ;  and  another  is  made  for  fixing  on 
any  part  of  the  ruler  D  I,  for  the  more  Kx>nve»ieiit 
description  of  concentric  arcs,  where  a  number  are 
wanted. 

It  is  plain  from  this  description,  that  the  middle 
ruler  D I  in  this  iastrument,  is  a  true  oblique  raier^ 
by  which  lin^  may  be  drawn  tending  to  a  poin:^ 
whole  distance  from  I  is  shewn  by  th»  jpositioa  of  (he 
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•ockot  6  on  the  scaie ;  and  the  instrument  i^  m^jie 
BuOkiently  large^  so  as  to  answer  this  purpose  as  well 
as  the  other. 


5.    A  DIFFERENT    CONSTRUCnOK    OF  THE  SAME  IN- 
STRUMENT. 

I^  J^*  1^  /i/o/e  10>  the  part  intended  -to  be 
used  in  drawing  lines^  lies  within  the  trapeziuop^ 
which  is  made  large  on  that  account ;  but  tliis  is 
not  necessary;  and^.  15^  plate  JQ,  will  give  an 
idea  of  a  like  instrument,  where  the  trapezium  mi^ 
be  made  much  smaller^  and  consequently  less  oum- 
bersome. 

DB£C  represents  sudi  a  trapeziAun,  rollers^ 
socket,  and  scale  as  above  described,  but  much 
smaller.  Here  the  ruler  £  I>  is  continued  a  sufficient 
length  beyond  D,  as  to  A,  where  the  third  roller  is 
fixed  ;  a  pen  or  tracer  may  be  fitted  to  the  end  E, 
or  made  to  slide  between  1)  and  A,  for  the  purpose 
of  drawing  arcs.  ' 

METHODS    OF    DESCRIBING    AN    ELLIPSE^    AND    SMIE 

OTHER   CURVES. 

To  describe  an  ellipse^  the  tranmene  and  catffu^ 
gate  axes  bemg  given. 

Let  AB  be  the  given  transverse,  and  CD  the 
conjugate  axes,  jffg*.  13,  plate  13. 

Method  1.  By  the  iine  of  sines  on  the  sector,  open 
the  sector  with  the  extent  AG  of  the  semi-trans verse 
axis  in  the  terms  of  90  and  90  ;  take  out  the  trans- 
verse distance  of  70  and  70,  60  and  60,  and  so  for 
every  tenth  sine,  and  set  them  ofi'from  G  to  A,  and 
from  G  to  B  ;  then  draw  lines  through  these  points 
perpendicular  to  AB.  Make  GC  a  transverse 
distance  between  90  and  90,  and  set  off  each  tendi 
sine  from  G  towards  C,  and  from  G  towards  D,  and 
through  these  points  draw  lines  pacadUel  to  A  3^ 

l2 


•*- 
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*  which  will  intersect  the  perpetidiculars  to  A  B  in 
the  points  A,  a,  b,  c,  d^  c,  f,  g,  h,  i,  k,  1,  m,  n, 
o,  p,  q,  B,  for  half  the  ellipse,  through  which 
points  and  the  intersections  of  the  other  half,  a 
curve  being  drawn  with  a  steady  hand^  will  .com- 
plete the  elhpse. 

Methods.  With  the  elliptical  compasses,  ^^.  3, 
plate  i  1 ,  apply  the  transverse  axiA  of  the  elliptical 
compasses  to  the  line  A  B,  and  discharge  the  screws 
of  both  the  sliders ;  set  the  beam  over  the  transverwe 
axis  A  B,  and  slide  it  backwards  and  forwards- until 
the  pencil  or  ink  jx)int  coincide  with  the  point  A, 
and  tighten  the  screw  of  that  slider  which  moves  on 
the  conjugate  axis  ;  now  turn  the  beam  so  as  to  lay 
over  the  coniugate  axis  C  D,  and  make  the  pencil  or 
ink  point  comcide  with  the  point  C,  and  then  fix  die 
screw,  which  is  over  the  slider  of  the  transverse  axis 
of  the  compasses;  the  compasses  being  thus  adjusted, 
move  the  ink  point  gently  from  A,  through  C  to  B, 
and  it  will  describe  the  semi^ellipse  A  C  B  ;  reverse 
the  elliptical  compasses,  and  describe  the  otlier  semi- 
ellipse  B  D  A.  These  compasses  were  contrived  by 
my  leather  in  17'i8  ;  they  are  superior  to  the  tram- 
mel which  describes  the  whole  ellipse,  as  these  will . 
describe  an  ellipse  of  any  eccentricity,  which  the 
others  will  not. 

Through  any  given  point  F  to  describe  an  elUpH^ 
the  transverse  axis  A  B  being  ^vefi. 

Apply  the  transverse  axis  of  the  elliptical  com-  - 
passes  to  the  given  line  A  B,  and  adjust  it  to  the 
point  A;  fix   the   conjugate   screw,  and  turn  the 
beam  to  F,  sliding  it  till  it  coincide  therewith,  and 
proceed  as  in  the  preceding  problem. 

Fig.  2,  plate  1 1 ,  represents  another  kind  of  ellip- 
tical ai^aratus,  acting  upon  the  principle  of  the  oval 
lathes;  the  paper  is  fixed  upon  the  board  AB,  the 
pencil  C  is  set  to  the  transverse  diameter  by  sliding 
it  on  the  bar  D  C,  and  is  adjusted  to  the  conjugate 
diameter  by  the  screw  G;  by  turning  the  board  A  B> 
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an  ellipse  will  be  described  by  the  pencil.  Fig.  3, 
A,  plate  li,  is  the  trammel,  in  which  the  pins  on 
the  under  side  of  the  board  A  B,  move  for  the  de- 
scription of  the  elMpse. 

Ellipses  are  described  in  a  very  pleasing;  manner 
hy  the  geo7?ietric  pen^  Jig.  1,  plate  11;  this  part  of 
that  instrument  is  frequently  made  separate. 

To  describe  a  parabola^  whose  pm^ameter  shall  bt 
equal  to  a  given  line.  »  Fig.  17j  plate  13. 

Draw  a  line  to  represent  the  axis^  in  which  make 
A  B  equal  to  half  the  g;iven  parameter.  Open  the 
sector,  so  that  A  B  may  be  the  transverse  distance 
between  QO  and  90  on  thc^  line  of  sines^  and  set 
off  every  tenth  sine  from  A  towards  B ;  and 
through  the  points  thus  -founds  draw  lines  at  right 
angles  to  the  axis  A  B.  Make  the  lines  A  a,  ]  O  b^ 
20  c,  30  d,  40  e,  &c.  respectively  equal  to  the 
chords  of  g(fy  80^  70^  6o^  50^  &c,  to  the  radius 
AB«  and  the  points  a  b  cd  e,  &c.  will  be  in  the 
parabolic  curve;  for  greater  exactness,  interme- 
diate points  may  be  obtained'  firom  the  intermediate 
degrees ;  and  a  curve  drawn  through  these  points 
and  the  vertex  B,  will  be  tlie  parabola  required  ;  if 
the  whole  curve  be  wanted^  the  same  operation  ni|i3t 
be  performed  on  the  other  side  of  the  axis. 

As  the  chords  on  the  sector  run  no  further  than 
60°,  those  of  70/  80,  and  ©O,  may  be  found  by- 
taking  the  transverse  distance  of  the  sines  of  35^  40  , 
45^,  to  the  radius  A  B,  and  applying  those  distances 
twice  aleng  the  lincs^  20  c,  10  b,  &c« 

Fig.  4,  plate  11,  is  an  instrument  for  describing  \ 

a  parabola ;  the  figure  will  render  its  use  sufficiently 
evident  to  every  geometrician.     A  B  C  D  is  a  wooden  : 

frame,  whose  sides  A  C,  B  D  are  parallel  to  each 
otbe^;    EFGH  is   a   square   frame  of  brass   or  ^ 

wood,  sliding  against  the  sides  AC,  B  D  of  the      : 
exterior  frame  ;  H  a  socket  sliding  on  the  bar  E  F 
of  the  interior  frame,  and  carrying  the  pencil  I ; 
K  a  fixed  point  in  the  boards  (the  situation  of  which 
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may  he  varied  ocGasionally);  EaK  is  a  &read 
equal  m  length  to  £  F,  one  end  thereof  is  fixed  at 
£,  the  other  to  the  jliece  K,  going  over  the  pencil 
at  a.  Bring  the  frame^  so  that  the  pencil  may  be 
in  a  line  with  the  point  K ;  then  slide  it  in  the  ex^ 
terior  frame,  and  the  pencil  will  describe  one  part 
of  a  parabola.  If  the  frame  £FGH  be  turned 
about,  so  that  E  F  may  be  on  the  other  side  of  the 
point  K,  the  remaining  part  of  the  parabola  may  be 
completed. 

To  describe  an  hyperbola,  the  vertex  A,  and 
asymptotes  B  H,  B I  being  given.    Fig.  IS,  pi-  13, 

Draw  A  I,  A  C,  parallel  to  the  asymptotes.  Make 
A  C  a  transverse  distance  to  45,  and  45,  on  the  up- 
per tangents  of  the  sector,  and  apply  from  B  as  niany 
of  these  tangents  taken  transversely  as  may  be 
thought  convenient ;  as  B  D  50^  B  £  55°,  B  F  6o% 
and  so  on ;  and  through  these  points  draw  D  d, 
£  c,  &c.  parallel  to  A  C. 

Make  A  C  a  transverse  distance  between  45  and 
45  of  the  lower  tangents,  and  take  the  transverse 
distance  of  the  cotangents  before  used,  and  lay  them 
on  those  parallel  lines ;  thus  making  D  d  equal  40% 
E  e  to  35^  F  f  to  30°,  &c.  and  these  points  will 
be  in  the  h}^perbolic  curve>  and  a  line  drawn  through 
them  will  be  the  hyperbola  required. 

To  assist  the  hand  in  drawing  curves  through  a 
number  of  points,  artists  make  use  of  what  is  termed 
the  bow,  consisting  of  a  spring  of  hard  wood,  or 
steeU  so  adapted  to  a  firm  straight  rale,  that  it  may 
be  bent  more  or  less  by  three  screws  passing  through 
the  straight  rule.  ^ 

A  set  of  spirals  cut  out  in  brass,  are  extremely 
convenient  for  the  same  purpose  ;  for  there  are  few 
curve  lines  of  ^,  short  extent^  to  which  some  part  of 
these  will  not  apply, 

Fi^.  6,  plate  11,  represents  an  instrument  for 
drawing  spirals ;  A  the  foot  by  which  it  is  affixed 
to  the  paper;i  B  the  pencil,  a,  b,  c,  d,  a  running 
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limtb  goiBg  avier  the  cone  6  and  cylioifor  H,  the 
ends  being  fastened  to  the  pin  e.  On  turning  the 
frame  K  N  O^  the  thread  carries  the  pencil  piogres>r 
sively  from  the  cone  to  the  cylinder,  and  thus .  de« 
seribes  a  spiral.  The  siae  of  the  spural  noay  be 
▼aried,  by  placing  the  thies^d  in  different  grooves^ 
by  putting  it  co  the  fuvthermost  cone,  or  by  putting 
on  a  larger  cone. 

OF  THE  GEOMETRIC   PEN. 

The  geometric  pen  is  an  instrument  in  which,  hy 
a  circular  motion,  a  right  line,  a  circle,  an  ellipse, 
and  a  great  variety  of  geometrical  figures,  may  be 
described* 

This  curious  instrument  was  invented  and  de^- 
scribed  by  John  Baptut  Suardi,  in  a  work  intitled 
Nuovo  Utromenti  ner  la  DescrizMumt  di  diverse 
Curve  Antichi  e  Modemty  &c. 

Though  several  writers  have  taken  notice  of  the 
eurves  arising  from  the  compound  motion  of  two 
cireles,  one  moving  round  the  othf  r^  yet  bo  one 
seems  to  have  realized  the  principle,  and  reduced 
it  to  practice,  before  J.  B.  Suardi.  It  has  ktlely 
been  happily  introduced  into  the  steam  engine  by 
Messieurs  fratt  and  Bolton ;  a  proof,  among  many 
others,  not  only  of  the  use  of  these  speculations, 
but  of  the  advantages  to  be  derived  from  the  higher 
parts  of  the  'mathematics,  in  the  bands  of  an  in*- 
genious  mechanic.  ^  There  never  was,  perhaps,  any 
instrument  which  delin^eates  so  many  curves  as  the 
geometric  pen  ;  the  author  enumerates  1273,  as 
possiUe  to  be  described  by  it  in  the  simole  lorm, 
and  with  the  few  wheels  appropriated  to  it  lor  the 
present  work. 

Fig.  1 ,  ;fiate  1 1 ,  represents  the  geometric  pen  ; 
A,  8;  C,  the  stand  by  which  it  is  supported  ;  the 
1^  A,  9,  C,  are  contrived  to  fold  one  within  ^the 
emer^  Ibrthe^onvemeace  of  packing. 


A  sfabng  axis  D  is  fitted  to  the  top  of  the  frame; 
to  the  lower  part  of  the  axis  iny  of  •  the  wheels 
(as  i)  may  be  adapted ;  when^screwed  Jbo  it  they  are 
immoveable. 

E  G  is  an  arm  contrived  to  turn  rouod  upon  the 
main  axis  D ;  two  sliding  boxes  are  fitted  to  this  arm ; 
to  these  boxes  any  of  the  wheels  belonging  to  the 
geometric  pen  may  be  fixed,  and  then  moved  so  that 
the  wheels  may  take  into  each  other,  and  the  im- 
moveable wheel  i ;  it  is  evident,  that  by  making  the 
arm  E  G  revolve  round  the  axis  D,  these  wheels 
will  be  made  to  revolve  .also,  and  tliat  the  number 
of  their  revolutions  will  depend  on  the  proportion 
between  t)ie  teeth. 

f  g  is  an  arm  carrying  the  pencil ;  this  arm  slides 
backwards  and  forwards  in  the  box  c  d,  in  order 
that,  the  distance  of  the  pencil  from  the  centre  of 
the  wheel  h  may  be  easily  varied ;  the  box  c  d  is 
fitted  to  the  axis  of  the  wheel  h,  and  turns  round 
with  it,  carrying  the  arm  f  g  along  with  it ;  it  is 
eiridetit,  therefore,  that  the  revolutions  will  be  fewer 
or  greater,  in  proportion  to  the  difference  b^ween 
the  numbers  of  the  teeth  in  the  wheels  h  and  i ; 
this  ba^r  and  >  socket  are  easily  removed  for  changing 
the  wheels. 

When  two  wheels  only  are  used^  the  bar  f  g  moves 
in  the  same  direction  with  the  bar  £  G ;  but  if 
another  wheel  is  introduced  between  them,  they 
move  in  contrary  directions. 

.  The  number  of  teeth  in  the  wheels,,  and  conse^ 
quently,  the  relative  velocity  df  the  epicycle,  or  arm 
f  g,  n)ay  be  varied  ad  infinitum. 

The  numbers  we  have  used  are,  8^<  l6,  24,  32>  40, 

48,  66,  64jJ^y  80,  88,  96. 

The  construction  and  application  of  this  instru- 
mont*  is  s^  evident' from  the  figure,  that;  nothing 
jnork  need  be  pointed  x>ut  than  thie  combinations  by 
mhich  the  figures  here  delineated  may  be  produced. 

7p  render  the  description  an  cpncis^  W  pospibja, 
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I  shill  in  fiitttre  Ascribe  ithe  arm  £  G  by  the  letter 
A^  and  f  g  by  the  letter  B. 

To  describe  J?^.  1^  flute  12.  The  radius  of  A 
must  be  to  that  of  B^  as  10  to  5  nearly,  their  velo* 
oities, '  or  tbe  numbers  of  teeth  in  the  wheels,  to  be 
e^fual^  tbe  motion  to  be  in  the  same  direction. 

If  the  length  of  B  be  varied^  the  looped  figme^ 
delineated' at  ^]g-.  12y  will  be  produced. 
■  A  circle  may  be  described  by  equal  wheels,  and 
any  ndius,.  but  the  bars  must  move  in  contiuj^ 
divectioii. 

To  describe  the  two  level  figures^  ^^^fig*  1 1  >  pkctt 
J  2.  Let  the  radius  of  A  to  B  be  as  10  to  34^  tbe  ve* 
locities  as  1  to  2,  the  motion  in  the  same  direction. 

To    describe    by    this   eiR€ULAR    motion,     a 

STRAIGHT   LINE    AND    AN    ELLIPSE.      For   a    Straight 

line,  equal  radii,  the*  velocity  is  1  to  2,  the  motion 
in  a  contrary  direction  ;  the  same  data  will  give  a 
variety  of  ellipses,  only  the  radii  must  be  unequal; 
the  ellipses  may  be  described  in  any  direction ;  see 
fg.  10,  plate  13. 

Fig.  13,  plate  12,  with  seven  leaves,  is  to  be 
formed  when  the  radii  are  as  7  to  2,  velocity  as  Ht 
to  3,  motion  in  contrary  directions. 
'  The  six  triangular  figures,  seen  ^tjig.  2,  4,  6,  8 
9,  10,  are  all  produced  by  the  sane  wheels,  by  apfy 
varying  the  length  of  the  arm  B,  the  velocity  should 
be  as  1  to  3,  the  arms  are  to  move  in  contrary  di- 
rections. 

•  Fig.  3,  plale  12,  with  eight  leaves,  is  formed  by- 
equal  radii,  velocities  as  5  to  8,  A  and  B  to  move 
the  same  way ;  if  an  intermediate  wheel  is  added, 
and  thus  a  motion  produced  in  a  contrary  direcdoii^ 
the  pencil  will  delineate  jf^.  1 6^  plate  12. 

The  ten-leaved  figure.  Jig.  1 5,  plate  1 2,  is  pio- 
duced  by  equal  radii,  velocity  as  3  to  10,  direetioni 
of  the^  motions  contrary  to  each  other. 

Hitherto  the  velocity  of  the  epicycle  has  b^en  the 
greatest;   in  the  three  following  figures  the  corvev 
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a?o  produced  when  tiie  velocity  cf  the  epiqrck  is 
less  than  that  of  the  priinum  mobile. 

For  fig.  7}  the  radius  ofAtoBtobeas2  tol^ 
the  velocity  as  3  to  2 ;  to  be  moved  the  same  way. 

For  fig.  14^  the  radius  of  A,  somewhat  less  than 
the  diaoieter  given  to  B,  the  velocity  as  3  to  1 ;  to 
be  moved  in  a  contrary  direction* 

For  fig.  Sy  equal  radii^  velocity  as  3  to  1  ;  moved 
the  same  vray.  These  instances  are  sufficient  to 
siiew  how  much  may  be  performed  by  this  mstni* 
ment ;  with  a  few  additional  pieces,  it  may  be  made 
te  describe  a  cycloid,  with  a  circular  base,  sprak, 
and  particularly  the  spiral  of  Archimedes,  &o. 


or  THE  DnrisioK  or  lahd. 

To  know  how  to  divide  land  into  any  pumber  of 
eqiial,  or  unequal  parts,  according  to  any  assigned 
proportion,  and  to  make  proper  sulowances  for  the 
di^rent  qualities  of  the  Umd  to  be  dividedj  |iN*m  a 
aiat^rial  and  us^ul  branch  of  surveying. 

In  dividing  c^  land,  numerous  cases  arise;  iii 
some  it  is  to  be  divided  by  lines  parallel  to  each  other, 
and  to  a  given  fence,  or  road ;  sometimes,  they  are 
to  iatersect  ^  given  l^e ;  the  division  is  often  to  bf 
iMde  according  to  the  particular  directions  of  thf 
parties  concerned.  In  a  subject  which  has  beei) 
treated  on  so  often,  novelty  is,  perhaps,  not  to  be  de« 
^red,  tod  scarcely  expected.  No  considerable  im^ 
provement  has  been  made  in  this  branch  of  surveying 
mce  tbe  timf  of  Speidell*  Mn  Talbot,  whom  w^ 
shall  chiefly  follow,  has  arranged  the  subject  better 
than  those  wbo  preceded  ium,  and  ddded  thereto 
two  or  thnw  pf^WeRDs ;  hi^  work  k  well  worth  the 
surveyor's  perwi}.  Sk>me  problepap  al^o  in  the  forep 
fMogpart  of  ^  work  fboaM  be  fiowad^f^  in  this 


Probusm  1.  To  divide  a  triangle  im  a  given  ratio 
by  right  lines  drawn  fram  any  angle  to  the  opposite 
side  thereof* 

1 .  Divide  the  oppowte  side  in  the  proposed  ratio^ 

2.  Draw  lines  from  the  several  points  of  divisioa 
to  the  given  aogle^  and  then  divide  the  triangle  at 
required. 

Thus^  to  divide  the  triaagle  AB  C,  Jig.  13|  piat^ 
S,  coatainiag  26^  acres,  into  three  parts,  in  propop* 
tioB  to  the  numbers  40,  20,  10,  the  lines  of  divisioa 
to  proceed  from  the  angle  C  to  A  B,  whose  lei^th  ia 
28  chains ;  now,  as  the  ratio  of  40,  20,  10,  is  the 
same  as  4,  2,  1 ,  whose  sum  is  7>  divide  A  B  into 
seven  equal  parts  ;  draw  C  a  at  four  of  these  partf^ 
C  b  at  six  of  them,  and  the  triangle  is  divided  as  x^ 
quired. 

Arithmetically.  As  7)  the  sum  of  the  ratios,  is  to 
A  B  28  chains ;  so  is  4,  2,  1,  to  l6'  8,  and  4  chains 
respectively;  therefore  Aa=&  l6,  abssS,  and 
b  B  =  4  chains. 

To  know  how  many  acres  in  each  part,  say,  as  the^ 
sum  of  the  ratios  is  to  ili«  whole  quantity  of  land,  so 
is  each  ratio  to  the  quantity  of  acres ; 

r  7  :  26,5  ::  4  :  15,14^57  as  tmnnle  ACa 
«s4   7  :  26»5  ::  2  :    7^71428  s:  triangle  sC  b 
t  7  :  26,5  ::  1  :   3,785714  «  triangle  b  C  B  • 

Problem  2.  To  divide  a  triangularfield  into  any 
number  of  parts,  and  in  any  given  proportion^ from 
a  given  point  in  one  of  the  sides. 

1,  Divide  the  triangle  into  the  given  proportionn 
from  the  angle  opposite  the  given  point.  2.  Reduce 
this  triangle  by  problem  5 1,  so  as  to  pass  through  the 
given  point. 

Thus,  to  divide  the  field  ABC,  fig.  14,  plate 8, 
of  seven  aeres,  into  two  parts^  in  toe  proportion  of 
2  to  5,  for  two  different  tenants,  from  a  pond  b,  in 
B  C,  but  so  that  both  may  have  the  benefit  of  the 
pond. 

«  Talbot's  Complete  Art  of  Land  Measuriag* 
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1 .  Divide  B  C  into  seven  equal  parts,  make  B  a 
=  5,  then  Oa  =  2  ;  draw  A  a,  and  the  field  is  di- 
vided in  the  given  ratio.  2.  To  reduce  this  to  the 
point  b,  draw  A  b  and  a^c  parallel  thereto,  join  c  b, 
and  it  will  be  the  required  dividing  line. 

Operation  in  the  Jield.  Divide  B  C  in  the  ratio 
required,  and  set  up  a  mark  at  the  point  a,  and  also 
at  the  fk>nd  b\  at  A,  with  the  theodolite,  or  other  in- 
strument, measure  the  angle  b  A  a ;  at  /z  lay  off  the 
same  angle  Aac,  which  will  give  the  point  c  in  the 
side  Ac,  from  whence  the  fence  must  go  to  the 
pond. 

2.  To  divide  ABC,  Jig.  1 5,  plate  8,  into  three 
equal  parts  from  the  pond  c.  1.  Divide  AB  into 
three  equal  parts,  A  a,  a  b,  b  B,  and  C  a  C  b  will 
divide  it,  as  required,  from  the  angle  A ;  reduce 
these  as  above  directed  to  c  d  and  c  e,  and  they  will 
be  th^  true  dividing  lines. 

Problem  3-  To  divide  a  triavgular  Jield  in  any 
required  ratio^  by  lines  drawn  parallel  to  one  side, 
and  cutting  the  others. 

Let  A  B  Cjjfig.  l6,  plate  8,  be  the  given  triangle 
to  be  divided  into  three  equal  parts,  by  lines  parallel 
to  A  B,  and  cutting  AC,  B  C. 

Rule  1.  Divide  one  of  the  sides  that  is  to  be  cut 
by  the  parallel  lines,  into  the  given  ratio,  2.  Find 
a  mean  proportional  between  this  side,  and  the  first 
division  next  the  parallel  side.  3.  Draw  a  line  pa- 
rallel to  the  given  side  through  the  mean  propor- 
tional. 4.  Proceed  in  the  same  manner  with  the  re- 
maining triangle. 

Example  1 .  Divide  B  C  into  three  equal  parts  B  D, 
DP,  PC.  2.  Find  a  mean  proportional  between 
BC  and  DC.  3.  Make  CG  eaual  to  this  mean  pro- 
portional, and  draw  G  H  parallel  to  AB.  Proceed 
m  the  same  manner  with  the  remaining  triangle 
C  H  G,  dividing  G  C  into  t\^'o  equal  parts  at  I,  find- 
ing a  mean  proportional  between  C  G  and  CI ;  and 
then  making  C  L  equal  to  this  mean  proportional^i 
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and  drawing  L  M  parallel  to  A  B,  the  triangle  will 
be  divided  as  required. 

A  square^  or  rectangle^  a  rhombus^  or  rhom- 
boidesy  may  be  divided  into  any  given  ratio j  by  lines 
cutting  two  opposite  parallel  sides^  by  dividing  the 
sides  into  the  proposed  ratio^  and  joining  the  points 
of  division. 

Problem  4.  To  divide  a  r ight -lined Jigure  into 
any  proposed  ratio,  by  lines  proceeding  jrom  one 
angle. 

Problem  5.  *7b  divide  a  right-lined Jigure  into 
eny  proposed  ratio,  by  lines  proceeding  from  a  given 
point  in  one  of  the  sides. 

Problem  0.  To  divide  a  right-lined  figure  into 
any  proposed  ratio,  by  right  lines  proceeding' from 
a  given  point  within  the  said  figure  orjield. 

It  would  be  needless  to  enter  into  a  detail  of  the 
nK)de  of  performing  the  three  foregoing  problems^  as 
the  subject  has  been  already  sufficiently  treated  of  in 
pages  85 »  86,  &c. 

Problem  7-*  "  It  is  required  to  divide  any  given 
quantity  of  ground  into  any  given  number  of  parts, 
and  in  proportion  as  any  given  numbers'^ 

Mule.  "  Divide  the  given  piece  after  the  rule  of 
Fellowship,  by  dividing  the  whole  content  by  the 
sum  of  the  numbers  expressing  the  proportions  of  the  * 
several  shares,  and  multiplying  the  quotient  severally 
by  the  said  proportional  numBers  for  the  respective 
shares  required," 

Example.  It  is  required  to  divide  300  acres  of  land 
among  A,  B,  C  and  D,  whose  claims  upon  it  are  re- 
spectively in  proportion  as  the  numbers  1,  3,  6,  10, 
or  whose  estates  may  be  supposed  lOOl.  300l.  600l. 
and  lOOOl.  per  annum. 

The  sum  of  these  proportional  numbers  is  20,  by 

*  Problem  7,  an  erroneous  rule  given  by  a  late  writer,  intro- 
duced here  to  preveat  the  practitioner  being  led  into  error.—- 
From  Talbot's  Complete  Art  of  Land  Measuring, .  Problem  1, 
page  ^1^^  and  appendix,  page  410. 
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which  diTidtng  300  acres,  the  quotient  is  1 5  aeres^ 
which  being  multiplied  by  each  of  the  luimibers  1, 3, 
tt,  lO,  we  obtain  ior  the  aevoend  ishires  at  follows  : 


a. 

r. 

P- 

A*s  share  =r     15 

!  0 

i  00 

B's  share  ss     45  : 

:  0  ; 

:  00 

C*«  share  =     90  ; 

:  0  ; 

:  00 

D's  share  =  150  : 

;  0  : 

,  00 

Sum  =  300  :  O  :  00  the  proof. 

But  this  is  upon  supposition  that  the  land  is  all  of 
an  equal  value. 

Now  let  118  suppose  the  .laod^  to  be  laid  off  for 
each  fierson^s  shane^  is  of  the  following  difterent 
values  per  aore^  viz.  A^a  ss  5«.  fi  a  s=  ds.  C's  =  128. 
D*8  B  15s.  ah  acre ;  whose  som,  40s.  divided  by  4, 
Iheir  number,  ^otes  lOs.  for  iibe  mean  value  per 
acre.  And,  aooording  to  a  late  author,  we  must 
augment  or  diminish  each  share  as  follows : 


as  < 


a. 

«.             47. 

a. 

5    ! 

,  10  ::     15  : 

:     30 

A's  share 

8  : 

:  10  ::     45  : 

:     ^6,3 

B*s  share 

12  ; 

:  lO  ::     90  : 

i     75 

C'fi  share 

15  : 

:  10  ::  150  i 

\  100 

D's  share 

sum  of  shares  s=  26 1^  acres, 

which  is  less  than  300,  by  more  than  38  acres,  and 
ahews  the  rule  to  be  absolutely  false ;  for  when  each 
person's  share  is  laid  out  as  above,  there  remains  38 
acres  unapplied ;  I  suppose  for  the  use  of  the  sur- 
veyor. 

But  suppose  we  change  the  value  of  each  person's 
land,  and  call  A's  15s.  B's  128.  Cs  8s.  and  D's  5s. 
then  we  shall  have 
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10  ::  IS 

10  ::  45 

10  ::  go 

10  ::  150 


10     A*s  share 

37,5  B^s  share 

1 1 2,5  C*8  share 

300     D*s  share 


)5um  of  the  shares  46o  acres : 

how  must  the  surveyor  OMtnage  here,  as  h^  must 
make  460  acres  of  300 ;  for  here  D*s  share  <^y 
takes  the  whole  300,  where  is  he  to  fiad  the  l6o 
acres  for  the  other  three  shares  ?  But  enough  ef 
this ;  see  it  trufy  and  methodicalhjr  perCiMrmed  w  the 
next  problem. 

Problem  8.  It  is  required  to  ditide  tijaf  gvveh 
quantity  of  land  among  any  given  number  ofper^ 
^ons,  in  proportion  to  their  several  estatee^  md  the 
value  oj  the  land  that  falls  to  each  persoris  share. 

Rule.  Divide  the  yearly,  value  of  each  pefsoA*« 
estate  by  the  value  per  acre  of  the  land  that  is  allotted 
for  his  share,  and  take  the  sum  t»f  ^  quotients,  hy 
which  divide  die  whole  given  quantity  of  land,  and 
this  quolieot  will  be  a  common  nmltiplfer,  by  which 
imiltiply  each  particular  quotient,  and  1^  produqt 
will  be  each  pwticular  share  of  the  land. 

Or  my,  as  the  sum  of  aU  the  quotients  is  to  the 
whole  quantity  tjfiand,  so  is  each  particular  quotient 
to  ite  proportioAal  share  t)f  land. 

Example.  Let  dOO  acres  cS  land  ht  divided  among 
A,  B,  C,  D,  whose  estates  are  lOOl.  SOOU  600l.  and 
lOOOl.  nespecMtveiy  per  annum ;  and  the  value  tif  the 
land  allotted  toeadb  is  5,  ®,  1^,  and  15  filings  an 
«icre,  as  in  the  example  to  "die  kst  problem. 

„       100  300  Coo 

Then  -—  ir  ao,  -~  :«=  87,5,  -—  =s  m,   and 

1000 

*-—  ss:  66,666,  and  the  ^rnn  ttf  these  qudtients  h 

^^  300  - 

174,166  •/  r^TTTiR  =  1,72248,  the  common  multi- 

174,10 

plier : 


1<K> 


iiMtlOS  OF  tANti*: 


''t..-*. 


acres. 


tfaeo 


^248  X  20  =     34,45     A'a  share 

,72248  X  37,5  =     64,593  B's  share 

72248  X  50  =     86,124  C«  share 

72248  X  ^,666  =  114,832  D's  share 


sum  of  the  shares  s  ^QQ^ggg  acres,  or 
300  very  nearly,  aud  is  a  proof  of  the  whole. 

Let  us  now  change  the  values  of  land  as  in  the  last 
problem,  and  see  what  each  will  have  for  his 
•htre.     Suppose  A*8  15,  B's  12,  Cs  8,  and  D*s  5 

shilungs  an  acre ;  then  -  -  =  0,006,  — -    =s    25, 

15  12 


600 

8 


=  75, 


1000 


=  200,  and  the  sum  of  these 

quotients  is  306,666,  therefore  '^p^^:^  =  0,97826 

the  common  multiplier : 

acres. 

6^5217  A's  share 

24,4565  B's  share 

73,3695  Cs  share 

195,6520  D's  share 


0,97826  X      6,666  = 

^^   I  0,97826  X     25,         = 

"^  ^  0,97826  X    75,       = 

0,97826  X  200,         = 


the  sum  of  the  shares  =  269,9997  acres, 
wbich  proves  the  whole  to  be  right. 

Ej^ample  2.  Let  500  acres  be  divided  among 
six  persons,  whose  estates  are  as  follows ;  viz.  A's 
40I.  B's  20L  Cs  lOl.  D's  lOOl.  E's  4001.  and  Fs 
lOOOl.  per  annum,  and  the  value  of  the  land  most 
convenient  for  each  is  A's,  B*s,  and  Cs.  each  7s. 
D*8  aOs.  E's  15s.  and  Fs  12s.  an  acre;  now  cacK  ' 
estate  divided  by  the  value  of  his  share  of  the  land, 
will  stand  thus : 
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s. 

1 

»• 

i  7 ) 

40 

5,71428" 

B  7) 

20 

2,857 14 

C  7) 

10 

1 

1,42857 

D  10  ) 

100 

lO, 

E  15  ) 

400 

16,66666 

F  12  ) 

1000 

83,33333. 

>  quotient ; 


sum  of  the  quotient  =  12Q,9QQg3^  or  130. 

500  k>  1 

Now  Y^  =  3,8401 58,  the  common  muhiph'er;  hy 

which,  multiplying  each  quotient^  we  shall  have  for 
each  share  as  follows^  viz. 

» 

acres. 

A=  21,9778 

B  r=  10,9918 

C  =  5,4941 

D=  38,4015 

E  =  102,5641 
F  =  »20,5127 

their  sum  is  s=  500,0020,  and  thus  proves 
.  the  whole. 

N.  B.  If  any  single  share  should  contain  land  of 
several  different  values,  then  use  the  means  to  divide 
his  estate  by. 

Also  if  there  be  different  quantities  as  well  asvalues, 
find  what  each  quantity  is  worth  at  its  value,  and  add 
dieir  stims  together;  then  say,  as  the  sum  of  the 
quantities  is  to  this  sum  ;  so  is  one  acre  to  its  mean 
value  to  be  made  use  of. 

Now  having  found  each  person's  share,  they  may 
be  laid  out  in  any  form  required,  by  the  directions 
and  problems  given  in  the  next  section.  But  when 
several  shares  contain  land  of  the  same  value,  it  is 
best  to  lay  out  their  sum  in  the  most  convenient 
Sotmf  and  then  subdivide  it. 

M 


1 6a  LAYING  OUT  LAND. 

For  dividing  of  commons  j  Sgc.  Surveyors  generally 
measure  the  land  of  different  value  in  separate  par- 
cels^ and  find  the  separate  value  thereof,  which  added 
in  di&rent  sums^  gives  the  whole  content,  and  whole 
value. 

By  problem  1 ,  thev  find  each  man*s  proportional 
share  of  the  whole  value,  and  then  lay  out  for  each 
person,  a  quantity  of  land  equal  in  value  to  his 
share ;  this  they  effect  by  first  laying  out  a  quantity 
by  guess,  and  then  casting  it  up  and  finding  its  va* 
lue ;  and  if  sucH  value  be  equal  to  his  share  of  the 
whole  value,  the  dividing  line  is  right;  if  other- 
wise, they  shift  the  dividing  line  a  Utde,  till  by  trial 
they  find  a  quantity  just  equal  in  value  to  the  value 
of  the  required  share. 

If  any  single  share  coqtaias  land  of  several  diffe- 
rent values,  each  is  measured  separately,  and  their  se«- 
veral  values  found ;  and  if  the  sum  of  them  be  equal 
to  the  value  sought,  the  division  is  right ;  if  not,  it 
must  be  altered  till  it  is  so. 

OF  LAYING  OUT   ANY   GIVEN   aUANTTTY  OF   LAND. 

As  the  quantity  of  land  is  generally  given  in  acres^ 
roods  and  perches,  it  is  necessary,  first,  to  reduce 
them  to  square  links,  which  may  be  performed  by 
the  following  rule. 

To  reduce  acres,  roods,  and  perches  into  square 
links. 

Rule  1.  To  the  acres  annex  five  cjrphers  on  tlie 
right  hand,  and  the  whole  will  be  links.  2.  Place 
five  cyphers  to  the  right  of  the  roods,  and  divide 
tliis  by  4,  the  quotient  will  be  links.  3.  Place. four 
cyphers  on  the  right  hand  of  the  perches,  divide  this 
by  l6,  the  quotient  will  be  links.  4.  These  sum^ 
added  together,  give  the  sum  of  square  links  in  the 
given  quantity. 

Problem  1.  To  lay  out  apiece  of  land,  contain^ 
ing  any  given  number  of  acres^  inform  of  a  square. 
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This  is  no  other  than  to  determine  the  side  of  a 
square  that  shall  contain  any  desired  number  of 
acres;  reduce,  therefore,  the  given  number  of  acres 
to  square  hnks,  and  the  square  root  thereof  will  be 
the  side  of  the  square  required. 

Problem  2.  To  lay  out  any  desired  quantity  of 
land  in  form  of  a  parallelogram^  having  either  its 
base  or  altitude  given. 

Divide  the  content,  or  area,  by  the  given  base, 
and  the  quotient  is  the  s^ltitude ;  if  divided  by  the 
altitude,  the  quotient  is  the  base;  by  the  same  rule 
a  rectangle  may  be  laid  out. 

Problem  3.  To  lay  out  any  desired  quantity  of 
Idnd  inform  of  a  parallelogram,  whose  base  shall  be 
2,  3,  4,  Sfc.  times  greater  than  its  altitude. 

Divide  the  area  by  the  number  of  times  the  base 
is  to  be  greater  than  die  altitude,  and  extract  the 
square  root  of  the  quotient ;  this  square  root  will 
be  the  required  altitude,  which  being  multiplied  by 
the  number  of  times  that  the  base  is  to  be  greater 
than  the  altitude,  will  give  the  length  of  the  required 
base. 

Problem  4.  To  lay  out  a  given  qttantity  of  land 
inform  of  a  triangle,  having  either  the  base  or  the 
perpendicular  given. 

Divide  the  area  by  half  the  given' base,  if  the  base 
be  given ;  or  by  half  the  given  perpendicular,  if  the 
perpendicular  be  given;  and  the  quotient  will  be 
the  perpendicular  or  base  required: 

Problem  5.  To  lay  out  any  given  quantity  of 
land  in  a  regular  polygon. 

1  •  Find  in  the  following  table,  the  area  of  a  po- 
lygon of  the  same  name  with  that  required,  the  side 
idf  which  is  1.  2.  Divide  the  proposed  area  by  that 
found  in  the  table.  3..  Extract  the  square  root  of 
the  quotient,  and  the  root  is  the  side  of  the  polygon 
required. 


iH  2 


.1  • 


1&& 


FJUUK  TRIGOMOMfifRr. 


No. 
sides 

Names. 

Areas. 

3 

Triangle 

0,43» 

4 

Square 

1, 

5 

Pentagon 

.  1,72 

6 

Hexagon 

2;598 

1 

Heptagon 

3)634 

8 

Octagon 

4,828 

9 

Nonagon 

6,182 

10 

Decagon 

7,694 

11 

Undecagon 

9,365 

12 

Duodecagon 

11,196 

Problem  6.  .To  lay  out  any  quantity  of  land  in 
a  circle* 

1,  Divide  the  area  by  578544  2.  Extract  the 
square  root  of  the  quotient^  for  the  diameter  re-* 


OF  •PLAm   TRrGONOMETRr. 

Plain  trigonometry  is  the  art  of  measuring  and 
computing  the  sides  of  plain  triangles,  or  of  such 
whose  sides  are  right  lines. 

As  this,  work  is  not  intended  to  teach  the  ele- 
ments of  the  mathematics^  it  will  be  sufficient  for 
me  just  to  point  out  a  few  of  the  principles^  and 
give  the  rules  of  plain  trigonometry,  for  those  casea 
diat  occur  in  surveying.  In  most  of  those  cases,  it 
is  required  to  find  lines  or  angles,  whose  actual  ad* 
ilieasurement  is  difficult  or  impracticable ;  they  are 
discovered  by  the  relation  they  bear  to  other  given 
lines  or  angles,  a  calculation  being  instituted  for 
that  purpose ;  and  as  the  comparison  of  one  righl 
line  with  another  right  line,  is  more  convenient  and 
easy,  than  the  comparison  of  a  riglit  line  to  a  curve ; 


PLAIN   TEIGONOMETRY.  105 

«       •  .J  ♦ 

it  has  been  found  advantageous  to  measure  the  quan- 
tities of  angles,  not  by  the  arc  itself,  which  is  de- 
scribed on  the  angular  point,  but  by  certain  lines  de- 
scribed about  that  arc. 

If  any  three  parts  of  a  plain  triangle  b^  given, 
any  required  part  may  be  found  both  by  construction 
and  calculation.* 

If  two  angles  of  a  plain  triangle  are  known  in  de-. 
grees,  minutes,  &c.  the  third  angle  is  found  by  sub- 
tracting their  sum  from  180  degrees. 

In  a  right-angled  plain  triangle,  if  cither  acute  an- 
gle (in  degrees)  be  taken  from  QO  degrees,  the  re- 
mainder will  express  the  other  acute  angle. 
-  When  the  sine  of  an  obtuse  angle  is  required,  sub- 
tract such  obtuse  angle  from  1 80  degrees,  and  take 
the  sine  of  the  remainder,  or  supplement. 

If  two  sides  of  a  triangle  are  equal,  a  line  bisecting 
the  contained  angle,  will  be  perpendicular  to  the  re- 
maining side,  and  divide  it  equally. 

Before  the  required  side  of  a  triangle  can  be  found 
by  calculation,  its  opposite  angle  must  first  be  given, 
or  found. 

The  required  part  of  a  triangle  must  be  the  last 
term  of  four  proportionals,  written  in  order  Under  one 
another,  whereof  the  three  first  are  given  or  known« 

In  four  proportional  quantities,  either  of  them 
may  be  made  the  last  term  ;  thus,  let  A,  B,  C,  t), 
be  proportional  quantities. 

As  first  to  second,  so  is  third  to  fourth,  A:B::C:D. 
As  second  to  first,  so  is  fourth  to  third,  B:A::D:C. 
As  third  to  fourth,  so  is  first  to  second,  C;D::A:B. 
As  fourth  to  third,  so  is  second  to  first,  D:C::B:A. 

Against  the  three  first  terms  of  every  proportion, 
or  stating,  must  be  written  their  respective  values 
taken  from  the  proper  tables, 

*  This  iff  imperfectly  stated  by  several  writers.  One  of  tlie 
given  parts  must  ba  a  side.  A  triangle  consists  of  six  parts,  vU, 
three  sides  and  three  angles.    Edit. 


l66  CANONS. 

If  the  value  of  the  first  term  be  taken  from  the 
fium  of  the  second  and  thirds  the  remainder  will  be 
the  value  of  the  fourth  term  or  thing  required ;  be- 
cause the  addition  and  subtraction  of  logarithms 
corresponds  with  the  multiplication  and  division  of 
natural  numbers. 

If  to  the  complement  of  the  first  value,  be  added 
the  second  and  third  values,  t}ie  sum  rejecting  the 
borrowed  index,  will  be  the  tabular  number  ex-- 
pressing  the  thing  required ;  this  method  is  gene- 
rally used  when  radius  is  not  one  of  the  propor* 
tionals. 

The  complement  of  any  logarithm,  sine,  or  tan- 
gent, in  the  common  table,  is  its  difference  from 
tiia  radius  1 0,000.000,  or  its  double  20.000,000. 

CANONS   FOR  TRIGONOMETRICAL  CALCULATION. 

1.  The  following  proportion  is  to  be  used  when 
two  angles  of  a  triangle,  and  a  side  opposite  to  one 
of  them,  is  given  to  find  the  other  side. 

As  the  sine  of  the  angle  opposite  the  given  side^i 
is  to  the  sine  of  the  angle  opposite  the  required  side ; 
so  is  the  given  side  to  the  required  side. 

Q,.  When  two  sides  and  an  angle  opposite  to  one 
of  them  is  given,  to  find  another  angle ;  use  the 
following  rule : 

.  As  the  side  opposite  the  given  angle,  is  to  the  side 
opposite  the  required  angle ;  so  is  the  sine  of  the 
givtn  angle,  to  the  sine  of  the  required  angle. 

The  memory  will  be  assisted  in  the  foregoing  cases, 
by  observing  that  when  a  side  is  wanted,  the  propor- 
tibn  must  begin  with  an  angle  ;  and  when  an  angle 
is  wanted,  it  must  begin  with  a  side^ 
.  3.  When  two  sides  of  a  triangle  and  the  included 
angle  are  given,  to  find  the  other  angles  and  side. 

As  the  sum  of  the  two  given  sides  is  to  their  dif- 
^renpe ;  so  is  the  tangent  of  half  the  sum  of  the  two 
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unknown  angles^  to  the  tangent  of  half  their  di£> 
fercnce. 

Half  the  difference  thus  founds  added  to  half  their 
sum,  gives  the  greater  of  the  two  angles^  which  is  the 
angle  opposite  the  greatest  side.  If  the  third  side  is 
wanted,  it  may  be  found  by  solution  1 . 

4.  The  following  steps  and  proportions  are  to  be 
used  when  the  three  sides  of  a  triangle  are  given,  and 
the  angles  required. 

Let  ABC,  plate  Q^Jig*  30>  be  the  triangle;  make 
the  longest  side  A  B  the  base ;  from  C  the  angle  op« 
posite  to  the  base,  let  fall  the  perpendicular  C  D  on 
AB,  this  will  divide  the  base  into  two  segments 
AD,  BD. 

The  difference  between  the  two  segments  is  found 
by  the  following  proportion : 

As  the  base  A  B,  or  sum  of  the  two  segments,  is 
to  the  sum  of  the  other  sides  (A  C  +  B  C) ;  so  is  the 
difference  of  the  sides  (A  C  —  B  C),  to  the  difference 
of  the  segments  of  the  base  (A  D  —  D  B). 

Half  the  difference  of  the  segments  thus  found, 
added  to  the  half  of  A  B,  gives  the  greater  segment 
A  D,  or  subtracted,  leaves  the  less  D  B. 

In  the  triangle  ADC,  find  the  angle  A C D,  by 
solution  2;  for  the  two  sides  AD,  and  AC,  are 
known,  and  the  right  ^gle  at  D  is  opposite  to  one 
of  them. 

The  complement  of  A  G  D,  gives  the  angle  A. 

Then  in  the  triangle  ABC,  you  have  two  sider 
A  B,  B  C,  and  '4he  angle  at  A,  opposite  to  one  of 
them,  to  find  the  angles  C,  and  B. 

OJ  THE   LOGARITHMIC    SCALES   ON  THE   SECTOR. 

There  are  thrse  of  these  lines  usually  put  on  the 
sector,  they  are  often  termed  the  Gunter's  lines,  and 
are  made  use  of  for  readily  working  proportions ; 
when  used,  the  sector  is  to  be  quite  opened  like  % 
straight  rule. 


1^  OF  t|^£  LQQAVTUmC  SCAJ.ES. 

If  the  1  at  the  beginning  of  the  scale,  or  at  the  left 
hand  ojf  the  first  interval,  be  taken  for  unity,  then  the 
1  in  the  middle,  or  that  which  is  at  the  end  of  the 
first  interval  and  beginning  of  the  second  will  express 
the  number  10 ;  and  the  ten  at  the  end  of  the  right- 
hand  of  the  second  interval  or  end  of  the  scalo^  will 
represent  the  number  100.  If  the  first  is  10^  the  mid- 
die  is  100,  and  the  last  1000;  the  primary  and  inter- 
mediate divisions  in  each  interval,  are  to  be  estimated . 
according  to  the  value  set  on  their  extremities. 

In  working  proportions  with  these  lines,  attention 
must'  be  paid  to  the  terms,  whether  arithmetical  or 
trigonometrical,  that  the  first  and  third  term  may 
be  of  the  same  name,  and  the  second  and  fourth  of 
the  same  name.  To  work  a  proportion,  t^ke  the 
extent  on  its  proper  line,  from  the  first  term  to  the 
third  in  your  compasst^^,  'and  applying  one  point  of 
the  compasses  to  the  second,  the  other  applied  to  the 
right  or  left,  according  as  the  fourth  term  is  to  be 
more  or  less  than  the  second,  will  reach  to  the  fourth, 

Example  1.  If  4  yards  of  cloth  cost  18  shillings, 
what  will  32  yards  cost  i  This  is  solved  by  the  line  of 
numbers ;  take  in  your  compasses  the  distance  be- 
tween 4  and  32,  then  apply  one  feot  thereof  on  the 
same  line  at  18,  ^nd  the  other  will  rc^h  144,  the 
shillings  required. 

Example  2.  As  radius  to  the  hypothenuse  120,  so 
is  the  sine  of  the  angle  op}>osite  ttie  base  30^  17' to 
the  base.  In  this  example,  radius,  q^  the  sine  of  QO, 
and  the  sine  of  30°  I7'vtaken  from  the  lines  of  sines, 
and  one  foot  being  ttien  applied  to  120  on  the  line  of 
numbers,  and  the  other  foot  on  the  left  will  reach  to 
604  tlie  length  of  the  rcquii^d  base.  The  foot  w^s 
applied  to  the  left,  because  the  legsof  a  right-angled 
triangle  are  less  than  the  hypotlicnuse. 

Example^.  As  the  cosine  of  the  lat^ude  51.^ 
30',  (equal  thesipeof  38®  30')  is  to  radius,  so  is  the 
sipe  of  the  sun's  declination  20°  X^,  to  thp,  sine  of 
the  sun  s  amphtude.     Take  the  distance  between  th^ 
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sines  of  38^  30'  ^nd  20^  14'  in  your  compeatcs  ;  eet^ 
one  foot  on  the  radius,  or  sine  of  90%  and  the  oth^ 
will  reach  to  330^%  the  sun's  amplitude  required. 

CURIOUS  AIJD   USEFUL  TRIGONOMETRICAL 

PROBLEMS. 

f 

The  following  problems,  though  of  the  greatest 
use,  and  sometimes  of  absolute  necessity  to  the  8ur-> 
veror,  are  not  to  be  found  in  any  of  the  ocunmoa 
treatises  on  surveying.  Tl)e  maritime  surveyor  can 
scarce  proceed  without  the  knowledge  of  them  j  nor 
can  a  kingdom,  province,  or  county  be  accurately 
surveyed,  unless  the  surveyor  is  well  acquainted  with 
the  use  and  application  of  them.  Indeed  no  man 
shpuld  attempt  to  survey  a  county,  or  a  sea  coast, 
who  is  not  master  of  these  problems*  The  second 
problem,  which  is. peculiarly  useful  for  determining 
the  exact  situation  of  sands,  or  rocks,  within  siglit 
of  tiiree  places  upon  land,  whose  distances  are  well 
known,  was  first  proposed  by  Mr*  Townly^  and 
solved  by  Mr.  Collins,  Philosophieal  Transactions, 
No»  69.  There  is  '^  no  problem  more  usefol  in  sur* 
veyiog,  than  that  by  which  we  find  a  statUm^  by  ob« 
served  angles  of  three  or  mora  objects,  whose  reci^ 
procal  distances  are  known :  but  distance  and  bear* 
mg  from  the  place  of  observation  are  unknown. 

S^  Previous  to  the  resolution  of  these  problems, 
another  problem  for  the  easy  finding  the  segment  of 
a  circle  capable  of  containing  a  given  angle,  is 
necessary,  as  wiU  be  clear  from  the  following  ob* 
servatiou. 

^^  Two  objects  can  only  be  seen  under  th^  same 
angle,  from  some  part  .of  a  circle  parsing  through 
those  objects,  and  the  place  of  observation. 

^^  If  the  angle  under  which  those  objects  appear, 
be  kss  tbim  9Cr,  the  place  of  observation  will  be  some** 
where  in  the  greater  segment,  and  those  objects  will 
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be  seen  under  the  same  angle  frr>m  every  part  of  the 
a^ment. 

^'  If  the  angle,  under  which  those  objects  are  seen, 
be  more  than  gcP,  the  place  of  observation  will  be 
somewhere  in  the  lesser  segment,  and  those  objects 
will  be  seen  under  the  same  angle  from  every  part  of 
that  segment.**  Henbe,  from  the  situation  of  three 
known  objects,  we  are  able  to  determine  the  station 
point  with  accuracy.  See  Dalrymple*8  Essay  on 
Nautical  Surveying,  in  which  another  mode  of 
solving  this  problem  is  given. 

Problem.  To  describe  on  a  given  line  B  C,  Jig. 
ap,  plate  9,  a  segment  of  a  circle^  capable  of  con- 
taining a  given  angle. 

Method  1 .  Bisect  B  C  in  A.  2.  Through  the 
point  of  bisection,  draw  the  indefinite  right  line  D  £ 
perpendicular  to  B  C  3.  Upon  B  C,  at  the  point 
C,  constitute  the  angles  D  C  B,  F  C  B,  G  C  B, 
H  C  B,  respectively  equal  to  the  difference  of  the 
angles  of  the  intended  segments  and  QO  degrees:  the 
angle  to  be  formed  on  the  same  side  with  the  seg* 
ment,  if  the  angle  be  less  than  QO;  but  on  the  oppo* 
site,  if  the  angle  is  to  be  greater  than  90  degrees. 
4.  The  points  D,  F,  G,  H,  where  the  angular  lines 
CD,  CF,  CG,  CH,  &c.  intersect  the  line  D£, 
will  be  the  centres  of  the  intended  segments. 

Thus,  if  the  intended  segment  is  to  contain  an 
angle  of  120^,  constitute  on  B  C,  at  C,  (on  the  op- 
posite side  to  which  you  intend  the  s^pnent  to  be 
described,)  the  angle  D  C  B  equal  to  30%  the  dif- 
ference between  90^  and  120^;  then  on  centre  D,  and 
radius  D  C,  describe  the  segment  C,  120,  B,  in 
every  part  of  which,  the  two  points  C  and  B  will 
subtend  an  angle  of  120  degrees. 

If  I  want  the  segment  to  contain  80  degrees  at  O, 
on  BC  make  an  angle  B  C  G,  equal  10  degrees,  and 
on  the  same  side  of  BC  as  the  intended  segment ; 
then  on  G,  with  radius  G  C,  describe  segment  C, 
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80  B,  in  every  part  of  which  C  and  B  w31  subtend 

an  angle  of  80  degrees. 

Method  2.  By  the  sector.  Bisect  B  C  as  before^ 
and  draw  the  indefinite  line  D£j  make  AC  radius^ 
and  with  that  es^tent  open  the  sector  at  45  on  the  line 
tof  taogents,  and  set  off  on  the  line  D  E>  the  tan* 
gent  of  the  difference  between  the  observed  angle 
and  90  degrees,  on-  the  same  side  as  the  intenc&d 
segment,  if  the  observed  angle  is  less  than  QO ;  on 
the  contrary  side  if  more  than  QO  degrees. 

If  the  angle  is  of  QO  degrees,  A  is  the  centre  of 
the  circle,  and  AC  the  radius. 

The  intersection  of  the  line  D  E  with  any  circle, 
is  the  centre  of  a  segment,  corresponding  to  half  the 
angle'of  the  segment  in  the  first  circle*  Hence,  if 
tlie  difierence  between  the  observed  angle  and  Q0% 
be  more  than. the  scale  of  tangents  contains,  find  the 
centre,  to  double  the  angle  observed,  and  the  point 
where  the  circle  cuts  the  indefinite  line^  will  be  the 
required  centre. 

Problem  1 .  To  determine  the  position  of  a  pointy 
from  whence  three  points  of  a  triangle  can  be  discxh 
vered,  whose  distances  are  known. 

The  point  is  either  without,  or  within  the  given 
triangle,  or  in  the  direction  of  two  points  of  the 
triangle* 

Case  1 .  JVhen  the  three  given  objects  form  a  tri- 
angle^ and  the  point  or  station  who^e  position  is  re* 
quired^  is  without  the  triangle. 

E,vaviple.  Suppose  I  want  to  determine  the  posi« 
tion  of  a  rock  D,  Jig.  2/,  plate  9,  from  the  shore  j 
thd  distances  of  the  three  points  A,  C,  B,  or  rather 
the  three  sides,  AC,  C  B,  A  B,  of  the  triangle  A, 
B^  C,  being  given. 

In  the  firstplace,  the  angles  AD  C,  C  D B,  must 
be  measured  by  an  Hadley's  sextant,  or  a  theodolite ; 
then  the  situation  of  the  point  D  may  be  readily 
foujid,  either  by  calculation  or  construction. 

3iy  construction.    A^ethpd  X.    On  A  C,  fig.  28, 
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plate  9,  describe  by  the  preceding  problem,  a  circle 
capable  of  containing  an  angle  equal  to  the  angle 
ADC;  on  CB,  a  segment  cbntaining  an  angle 
^ual  to  the  angle  C  D'B  ;  and  the  point  of  inter- 
section D  is  the  place  required. 

Another  method.  Mate  the  angle  E  B  A,^g.  sg, 
plate  9,  equal  to  the  angle  A  D  E,  and  the  angle 
B  A  E  ec^ual  to  the  angle  E  D  B-  Through  A,  B, 
and  the  intersection  E,  describe  a  circle  A  E  B  D  ; 
through  E,*  C,  draw  E  C,  and  produce  it  to  inter- 
sect the  circle  at  D  ;  join  AD,  B  D,  and  the  dis- 
tances AD,  CD,  B D,  will  be  the  required  dis- 
tances. 

Calculation.  In  the  triangle  ABC,  are  given 
the  three  sides,  to  find  the  angle  B  A  C.  In  the 
triangle  A  E  B,  are*  given  the  angle  B  A  E,  the 
angles  ABE,  A E B,  and  the  side  A B,  to  find 
A  E  and  B  K 

In  the  triangle  A£  D,  we  have  the  side  AE,  and 
the  angles  A  E  D,  A  D  E,  and  consequently  D  F  A, 
to  find  the  sides  A  D,  and  D  £. 

The  angle  A  D  E,  added  to  the  angle  A  E  C,  and 
then  taken* from  180°,  gives  the  angle  DAE.  The 
angle  C  A  E,  taken  from  the  angle  D  A  E,  gives  the 
angle  CAD,  and  hence  D  C.  Lastly,  the  angle 
A  E  C,  taken  from  A  E  B,  gires  DEB,  and  con- 
sequently, in  the  triangle  D  E  B,  we  have  E  B,  the 
angle  DEB,  and  the  angle  E  D  B,  to  find  B  D. 

In  this  method,  when  the  angle  B  D  C  is  less  than 
that  of  B  AC,  the  point  C  will  be  above  the  point 
E ;  but  the  calculation  is  so  similar  to  the  foregoing, 
as  to  require  no  particular  explanation. 

When  the  points  E  and  C  fall  too  nearly  together, 
to  produce  E  C  towards  D  with  certainty,  the  first 
method  of  construction  is  the  most  accurate. 

Case  2.  JVhen  the  given  place  or  station  T)^Jig. 
38,  plate  9,  is  without  the  triangle  made  by  the 
three  given  objects  ABC,  but  in  a  line  with  dne  of 
the  sides^  produced. 


GBMmUCAL  PROBLSK6.  i7$ 

Measure  the  angle  A  D  B^  then  the  proUefti  may 
be  easily  resolved^  eiilner  by  construction  or  calcit- 
lation.  . 

•  By  construction*  Subtract  the  measured  angle 
A  Q  B  from  the  angle  CAB,  and  ]rou  obtain  th« 
9ngle  AB  D  ;  then  at  B,  on  the  side  B  A,  draw-th^ 
angle  A  B  D,  and  it  will  meet  the  produced  aide 
C  A  at  D ;  and  D  A,  D  C,  D  B,  will  be  the  ro^ 
quired  distances. 

By  calculation.  In  the  triangle  A  B  D,  the  angle 
D  is  obtained  by  observation,  the  ^l  BAD  is  tlk( 
supplement  of  the  angle  C  A  B  to  1 80^ :  two  anglea 
of  the  triangle  being  thus  known>  the  thw*d  is  also 
known  ;  we  have,  consequently,  in  the  trtangte 
A  B  D,  three  angles  and  one  side  gh^en  to  find  thd 
length  of  the  other  two  sides,  which  are  reMlily  mkm 
tained  by  the  preceding  canons.    . 

Cas£  3.  fFken  tjie  station  point  is  in  one  of  the 
jsides  of  the  given  triangle^  Jig.  1,  plate  13» 

By  construction.  1 .  Measure  the  angle  B  D  C.  2^ 
Make  the  angle  B  A  E  equal  to  the  observed  an^le^ 
3.  Draw  C  D  parallel  to  £  A,  and  D  is  the  station 
point  required. 

By  calculation.  Find  the  angle  B  in  the  triangle 
A  B  C,  then  the  angles  B  and  B  D  C  being  known, 
we  obtain  DCB;  and,  consequently^  as  sin.  angld 
BDC  toBC,  soissin.  angleDCB  toBD. 

Case  4.  fVken  the  three  given  places  are  in  a 
straight  line,  fig.  2,  plate  13. 

Example.  Being  at  sea,  near  a  straight  shore,  I 
observed  three  objects.  A,  B,  C,  which  were  tVuly 
laid  down  on  my  chart ;  I  wished  to  lay  down  the. 
place  of  a  sunken  rock  D ;  for  this  purpose  the  an-^ 
gles  A  D  B,  B  D  C,  were  observed  with  Hadley*s 
quadrant. 

By  construction.  Method  \.  On  A3, Jig.  3^  plate 
13,  describe  the  segment  of  a  circle,  capable  of  eojx-' 
taining  the  observed  angle  A  D  B.  On  B  C  dasccib^ 
the  segment  of  a  circle^  capable  of  containing:  4  the 
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mogle  fi  D  C ;  the  point  D  will  be  at  the  intersection 
irf  the  arcs,  and  by  joinin<j  DA,  D  B,  DC,  you 
obtain  the  required  distances. 

Method 2.  Make  the  angle  ACE,  Jig.  4,  plate 
13,  equal  to  A  D  B,  and  the  angle  E  A  C  equal  to 
B  D  C ;  and  from  the  point  of  intersection  £^ 
through  B,  draw  a  line  to  E  D,  to  intersect  the  are 
ADC;  join  A,  D;  and  D,  C,  and  DA,  DB," 
D  C>  are  tlie  required  distances* 

By  calculation.  1 .  In  the  triangle  C  A  lE»fJig-  4, 
plate  13,  we  have  all  the  angles^  and  the  side  AC, 
to  find  A £.  2.  In  the  triangle  ABE,  A B,  A  E, 
and  the  included  angle  are  given,  to  find  the' angles 
A  E  B»  A  B  E.  3.  In  the  triangle  B  D  C,  the  angle 
BDCand  DCB  (  =  A  B  E)  are  given,  and  con- 
sequently the  angle  D  C  B^  and  the  side  B  C  ;  hence 
it  is  easy  to  obtain  D  B. 

Case  5.  ff^hen  the  station  Jails  within  the  trian- 
gle, formed  by  the  three  given  objects.  Jig.  IQ,  plate 
13. 

Let  ABC  represent  three  towers,  whose  distance 
jJToni  each  other  is  known ;  to  find  the  distance  from 
the  tower  D,  measure  the  angles  ADC,  B  D  C, 
ADB. 

Construction.  On  two  of  the  given  sides  AC,  AB, 
^.  20,  plate  13,  describe  segments  of  circles  capable 
<^  isontaining  tlie  given  angles,  and  the  point  D  of 
their  intersection  will  be  the  required  place. 

Another  Metfwd.  Or,  we  may  proceed  as  in  some 
of  the  foregoing  cases ;  making  the  angle  ABE, 
Jkg.  21,  plate  13,  equal  to  the  angle  ADE,  and 
jB  A  £  equal  B  D  E ;  and  describe  a  circle  through 
jthe  three  points  A,  B,  E,  and  join  E^  C,  by  the  line 
£  C ;  and  the  point  D,  where  E  C  intersects  the 
circle  £,  A,  D,  B,  E,  will  be  the  required  station. 

Casb  6.  When  the  station  point  t),fig.  7,  plate 
iS^  fails  without  the  triangle  ABC,  but  the  poini^ 
^  jails  towards  D. 

^^us^  kt  A  B  C,  fig.  iy  plate  13^  represent  three 
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towers,  whose  reqieeltve  distances  from  each  other- 
are  knov^ ;  reqaired  Aeir  distance  from  the  poiat 
D«  Mearare  the  angles  A  D  C,  B  D  C,  and  to  prove 
the  truth  of  the  ob^ervataons,  measure  also  A  D  B. 

Then,  6y  construction^  method  1.  On  A  C,  ^. 
B,  plate  13,  describe  a  circle*  capable  of  containing 
the  angle  B  D  C,  and  on  A  B,  one  capable  pf  con- 
taining the  angle  A  D  B,  and  the  point.of  intersec- 
tion will  be  the  place  required. 

Or,  it  may  be  constructed  by  method  2,  case  1, 
which  ^ves  us  the  point  D,  fig.  Qy  plate  13»  com- 
pared with^^.  39,  plate  9.  Tl^e  calculation  is  upon 
principles  so  exactly  like  those  in  method  2,  case  1, 
that  a  further  detail  would  be  superfluous. 

Thepointof  station  D  found  instrumentalfy.  The 
point  D  may  be  readily  )aid  down  on  a  draught,  by 
drawing  on  a  loose  transparent  paper  indefinite  right 
lines  DA,  D  B,  DC,  at  angles  equal  to  those  ob- 
served ;  which  being  placed  on  the  draught  so  as 
each  line  may  pass  over,  or  coincide  with,  its  re- 
spective object,  the  angular  point  D  will  then  coin 
cide  with  the  place  of  observation.     Or, 

Provide  a  graduated  semicircle  of  brass,  about 
six  inches  in  diameter,  having  three  radii  with  cham- 
fered edges,  each  about  20  mches  long,  (or  as  long 
as  it  may  be  judged  the  distance  of  the  stations  of  the 
three  objects  may  require)  one  of  which  radii  to  be  a 
continuation  of  Uie  diameter  that  passes  through  the 
beginning  of  the  d^ees  of  the  semicircle,  but  im- 
moveably  fixed  to  it,  the  other  two  moveable  round 
the  centre,  so  as  to  be  set  and  screwed  fast  to  the 
semicircle  at  any  angle.  In  the  centre  let  there  be  a 
small  socket,  or  hole,  to  admit  a  pin  for  marking  the  ' 
central  point  on  the  draught.  When  the  sloped  edges 
of  the  two  moveable  radii  are  set  and  screwed  fast  to 
the  semicircle,  at  the  respective  degrees  and  minutes 
of  the  two  observed  angles,  and  the  whole  instrument 
moved  on  the  draught  until  the  edges  of  the  three 

lii  are  made  to  lie  along  the  three  stasimetric  points, 


)76  CURIOUS  AND  unruL 

each  touching  its  respective  pointy  the  centre  of  the 
semicircle  will  then  be  in  the  point  of  s^tion  D  ; 
which  tnKj  be  marked  on  the  draughty  through  the 
socket)  with  a  pin.  Such  an  instrument  as  this  may 
be  called  a  station^pointer ;  and  would  prove  con- 
venient for  finding  the  point  of  station  readily  and 
accurately,  except  when  tlie  given  objects  were  neor; 
when  the  breadth  of  the  arc,  and  of  the  radii,  and  of 
the  brass  about  the  centre  of  the  semicircle,  imight 
binder  the  points  from  b^ng  seen,  or  the  radii  so 
placed  as  to  tomprchend  a  very  small  angle  between 
them. 

The  three  succeeding  pfoilems  may  occur  at  sea,  in 
Jinding  the  distances  andpontien  of  the  rocks ^  sands ^ 
^c.from  the  skorcy  in  many  cases  of  maritime  sur- 
veying ;  they  are  also  very  serviceable  in  making  a 
map  of  a  country^  from  a  series  of  triangles  derived 
fr^m  one  or  more  measured  bases. 

Problem  I .  Given  the  distance  of  two  objects 
A  B,  fg.  5,  plate  9,  and  the  angles  A  D  B,  B  D  C, 
B  C  A,  to  find  the  distance  of  the  two  stations  D,  C^ 
from  the  objects  A,  B- 

By  constrtidicn.  Assume  d  c  any  number  at  plea- 
anre,  and  make  the  angles  b  d  c,  a  d  c,  k,c.  respect- 
tiyely  equal  to  the  angles  B  D  C,  A,  Sec.  and  join 
ab ;  it  ra  phin  that  this  Agate  must  be  similar  to  thlit 
required ;  therefore  draw  AB, /^.  4^ plate  9,  equal  t6 
the  given  distance,  and  make  ABC  equal  to  a  b  c^ 
BAC  to  bac,  and  so  on  respectively;  join  the 
points,  and  you  have  the  distances  required. 

By  calculation.  In  the  triangle  a  d  e,  we  htfve  d  c, 
tdc,  andacd,  to  find  ad,  ac;  in  bed,  we  have 
in  like  manner  the  three  angles,  and  d  c,  to  find 
d  b,  d  c. 

In  the  triangle  a  d  b^  we  have  ad,  b  d,  and  the 
angle  a  d  b,  to  find  a  b«  Hence  by  the  nature  of 
simiiar  figures,  as  ab  to  AB  ::  dc  :  DC  ::  ad 
:  AD  ::  bd  :  BD  ::  be  :  BC. 

Problem  a.  The  distances  of  three  objects  A,  B, 
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C,  from  each  other,  and  the  angles  ADC,  C D E> 
CED,  CEB9jig.6yplate9,  being  given,  tofnd 
the  sides  AD,  DC,  DE,  EC,  andiiB. 

Assume  any  line  d  c,  at  pleasure,  make  the  angle 
c  d  e  equal  to  the  angle  C  D  E,  and  angle  c  e  d  equal 
to  the  angle  C  E  D ;  also ,  the  angle  c  d  a,  equal  to 
the  angle  G  D  A,  and  the  angle  c  e  b  equal  to  the 
angle  C  E  B ;  produce  a  d,  b  e  to  intersect  each 
other  at  f,  and  join  c  f. 

It  is  evident  that  the  figures  c  d  f  e,  C  D  F  E,  are 
similar ;  therefore,  on  A  C,  Jig.  7f  plate  9,  describe 
a  segment  of  a  circle,  containing  an  angle  AFC 
equal  to  afc;  and  on  CB  a  segment  capable  of 
containing  an  angle  C  FB,  equal  to  the  angle  cfb^ 
from  the  point  of  intersection  F,  draw  FA,  FB,  FC; 
make  the  angle  F  C  D  equal  to  the  angle  f  c  d,  and 
F  C  £  equal  to  the  angle  f  c  e,  which  completes  the 
Construction ;  then  by  assuming  d  e  equal  to  any 
number,  the  rest  may  be  found  as  before* 

This  method  fails  .wh6n  A  B  is  parallel  to  D  E, 
Jig.  8,  plate  g ;  therefore,  having  described  the  seg-  ^ 
ments  A  I)  C,  B  C,  draw  C  F,  to  cut  off  a  segment 
equal  to  the  angle  CDF,  and  the  right  line  C  G, 
to  cut  off  a  segment  equal  to  the  angle  C  E  G ;  G  F 
will  be  in  the  right  line  D  E ;  therefore,  join  G  F, 
and  produce  the  line  each  way,  till  it  intersects  the 
segments,  and  the  points  D,  £,  will  be  the  stations 
required. 

Problem  3.  Four  points  B,  C,  D,  F,/^.  g,  plate 
9,  or  the  four  sides  of  a  quadrilateral  figure,  with  its 
angles  being  given^  and  the  angles  B  A  C,  B  A  £, 
A  E  D,  D  E  F,  known  by  observation^  to  fnd  the . 
station  point  AE,  and  consequently,  the  length  of 
the  lines  A  B,  AC,  ED,  E  F. 

By  construction.  1 .  On  B  C  describe  the  seg- 
ment of  a  circle,  to  contain  an  angle  equal  to  B  A  C. 
2.  From  C  draw  the  chord  C  M,  so  that  the  angle 
B  C  M  may  be  equal  to  the  supplement  of  the  angle 
B  A  £.    3.  On  D  F  describe  the  segment  of  a  circle 
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capable  of  containing  an  angle  equal  to  D  E  F ;  join 
M  N,  cutting  the  two  circles  at  A  and  £,  the  re- 
quired points. 

By  calculation.  In  the  triangle  B  C  M ,  the  angle 
B  C  M,  (the  supplement  of  B  A  £,)  and  the  angla 
BMC,  (equal  B  A C,)  and  the  side  B  C  are  given^ 
whence  it  is  easy  to  find  M  C.  In  the  same  manner, 
D  N  in  the  triangle  D  N  F  may  be  found ;  but  th« 
angle  M  C  D,  (equal  angle  BCD,  less  angle 
B  C  M)  is  known  with  the  legs  M  C,  C  D ;  conse- 
quently, M  D,  and  the  angle  M  D  C,  will  be  readily 
found. 

The  angle  M  D  N,  (equal  angle  CDF,  less 
CDM,  less  FDN,)  and  MD,  DN,  are  known  ; 
whence  we  find  M  N,  and  the  angles  D  M  N> 
DNM. 

The  angle  CM  A,  (equal  DMC  added  to 
D  M  N,)  the  angle  MAC,  (equal  M  A  B  added  to 
B  A  C,)  and  the  side  M  C  are  given ;  therefore,  by 
calculation,  M  A,  and  A  C  will  also  be  known. 

In  the  triangle  £  D  N,  the  side  D  N,  and  the 
angles  £  and  N  are  g|ven ;  whence  we  find  £  ^ 
£  I>,    and,   consequently,    A  E   equal  M  N,  less 
MA,  less  £N. 

And  in  the  triangle  ABC,  the  angle  A,  with  its 
sides  B  C,  AC,  are  known ;  hence  A B,  and  the 
angle  B  C  A,  are  found. 

In  the  triangle  £  F  D,  the  angle  £,  with  the  sides 
£  D,  D  F,  being  known,  £  F  and  the  angle  £  D  F 
will  be  found. 

Lastly,  in  the  triangle  A  C  D,  the  angle  A  C  D, 
(equal  B  C  D,  less  B  C  A,)  and  AC,  CD,  are 
given ;  hence  A  D  is  found,  as  in  the  same  manner 
£  C  in  the  triangle  E  C  D. 

Note.  That  in  this  problem,  and  in  problems  1 
and  2,  if  the  two  stations  fall  in  a  right  line  with 
either  of  the  given  objects,  the  problem  is  indeter- 
minate. As  to  the  other  cases  of  this  problem,  thejr 
&1I  in  with  what  has  already  been  said. 
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"The  solution  of  this  problem  is  general,  and  may 
^  be  used  for  the  two  preceding  ones :  for  suppose 
C  D  the  same  point  in  the  last  figure,  it  gives  the 
solution  of  problem  2 :  but  if  B,  C,  be  supposed 
the  same  points  DF,  you  obtain  the  solution  of 
problem  1* 

Problem  4.    Having  the  distance  and  magnetic 
bearings  of  two  points  A  and  B,  Jig.  1 0,  plate  9,  pro^ 
tracted  at  any  station  S,  not  very  oblique  to  A  B,  to 
Jind  its  distance  from  these  points  by  the  needle* 

At  S,  with  a  good  magnetic  needle,  take  tht. 
bearings  of  A  and  B  in  degrees,  and  parts  of  a  de.^ 
gree:  then  from  these  points,  draw  out  their  ri> 
spective  bearings  in  the  opposite  direction  towards  S : 
that  is,  if  A  bears  exactly  north,  draw  a  line  from 
the  point  A  exactly  south :  if  it  bears  east,  10  or 
W  degrees  southward,  draw  the  line  west,  10  or  20 
degrees  northward ;  and  so  for  any  other  bearing, 
draw  the  opposite  bearing  of  B  in  the  same  manner, 
and  S,  the  intersection  of  these  two  ppints^  will  be 
the  point  of  station,  and  S  A,  SB,  the  distances 
required.  * 

This  is  an  easy  method  of  finding  the  distance  of 
ftny  station  from  two  places,  whose  distances  have 
been  accurately  determined  before,  and  will  be  found 
very  convenient  in  the  course  of  a  survey,  and  on 
many  occasions  sufficiently  exact,  provided  the  places 
are  not  too  remote  from  the  station,  nor  the  intersec- 
tion of  the  bearings  too  oblique.  If  the  needle  be 
good,  a  distance  of  20  miles  is  not  too  far,  when  tha 
angle  subtended  by  the  two  places,  is  not  less  than 
60  degrees,  or  more  than  140. 

Problem  5.  7b  reduce  angles  to  the  centre  of 
the  station. 

In  surveys  of  kingdoms,  provinces,  counties, 
&c.  where  signals,  churches,  &c.  at  a  distance,  are 
used  for  points  of  observation,  it  very  often  happens 
ihat  the  instrument  cannot  be  placed  exactly  at  th^ 
4oentre  of  the  sigHa[l  or  mark  of  observation ;  conse*- 
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quently,  the  angle  observed  will  be  either  greater^ 
less,  or  equal  to  that  which  would  have  been  found 
at  the  centre.  This  problem  shews  how  to  reduce 
them  to  the  centre ;  the  correction  seldom  amounts  to 
more  than  a  few  seconds,  and  is,  therefore,  seldom 
considered,  unless  where  great  accuracy  is  required. 

The  observer  may  be  considered  in  three  different 
positions  with  respect  to  the  centre  and  the  objects; 
for  he  is  either  in  a  line  with  the  centre  and  one  of 
these  objects,  or  in  an  intermediate  one,  that  is,  a 
line  from  this  centre  to  the  observer  produced  would 
pass  between  the  objects ;  or  he  is,  lastly,  in  an  oh- 
lique  direction,  so  that  a  line  from  the  centre  to  him 
would  pass  without  the  objects. 

In  the  first  position.  Jig.  1 1 ,  plate  9,  where  the 
observer  is  at  0,  between  the  centre  and  one  of  the 
objects,  the  exterior  angle  m  o  n  is  greater  than  the 
angle  men,  at  the  centre,  by  the  angle  e m  o ; 
therefore,  taking  emo  from  the  observed  angle, 
you  have  that  at  the  centre. 

If  the  observer  is  at  9i,Jig.  1 1,  plate  Q,  the  exterior 
angle  m  a  n  is  greater  tHan  that  oi  m  e  n  at  the  centre, 
by  the  value  of  n  ;  therefore,  take  this  from  the 
centre.  But  if  the  observer  is  further  from  the  ob- 
jects than  the  centre,  as  at  i,  the  observed  angle 
m  i  n  is  less  than  that  at  the  centre  m  e  n,  by  the  angle 
m ;  therefore,  by  adding  m  to  the  observed  angle, 
you  obtain  the  angle  m  e  n  at  the  centre.  In  the 
s&me  manner,  if  the  observer  is  at  u,  we  should  add 
the  angle  n  to  the  observed  m  u  n,  in  order  to  have 
the  angle  m  e  n  at  the  centre. 

Case  2.  When  the  observer  is  at  o^Jig.  12,  plate 
0,  draw  ao,  and  the  interior  angle  d  exceeds  the 
angle  u  at  the  centre  by  the  angle  m,  and  the  ex- 
terior angle  c  exceeds  the  angle  at  the  centre  a,  by 
the  angle  n ;  therefore,  m  o  n  exceeds  the  angle  at 
the  centre,  by  the  value  of  the  two  angles  m  and  n ; 
these,  therefore,  must  be  subtracted  from  it,  to  ob- 
ain  the  central  angle.     On   the  contrary,  if  the 
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observer  is  at  a^  the  two  angles  m  and  n  must  be 
added  to  the  observed  angle. 

•  Case  3.  Fig.  13,  plate  9.  When  the  observer  is  at 
O5  having  measured  the  angles  m  o  n,  m  o  e,  the  an- 
gle i  is  exterior  to  the  two  triangles  m  o  i^  n  e  i ; 
therefore,  to  render  men,  equal  to  m  i n^  we  must 
add  the  angle  n ;  and  to  render  the  exterior  angle 
m  i  n^  equal  to  the  observed  angle  m  o  n,  we  must 
take  away  the  angle  m  ;  therefore,  adding  m  to 
the  observed  angle,  and  subtracting  n  from  the  total, 
we  obtain  the  central  angle  m  or  n. 

From  what  has  been  said,  it  is  clear^  that  in  the 
first  case,  you  are  to  add  or  subtract  from  the  observed 
angles,  that  of  the  angles  m  or  n^  which  is  not  in 
the  direction  of  the  observer. 

In  the  second  position,  you  have  either  to  subtract 
or  add  the  two  angles  m  or  n. 

In  the  third  position,  you  add  to  the  observed  angle, 
that  of  the  two  m  or  n,  which  is  of  the  same  side  with 
the  observer,  and  subtract  the  other. 

To  know  the  position  of  the  observer,  care  must 
be  taken  to  measure  the  distance  of  the  instrument 
from  the  centre,  and  the  angle  this  centre  makes 
with  the  objects. 

An  inspection  of  the  figures  is  sufficient  to  shew 
Kow  the  value  of  the  angles  m  n  may  be  obtained. 
Thus,  in  the  triangle  m  oe^  we  have  the  angle  at  o, 
the  distance  oe,  and  the  distances  e  m,  om,  (which 
are  considered  as  equals)  given. 

OF  THE   REDUCTION  OF  TRIANGLbS,   FROM   ONX 

PLAIN  TO   ANOTHER*. 

After  the  reduction  of  the  observed  angles  to  the 
centre  of  each  respective  station,  it  is  generally  ne* 
cessary  to  reduce  the  parts  of  one,  or  of  several  tri- 
angles to  the  same  level. 

*  Tnit^  de  TrigoBOBtote,  par  CagnoU. 
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Case  1.  Let  us  suppose  the  three  points  A,  P,  E, 
fig.  15,  plate  9,  to  be  equally  distant  from  the  cen- 
tre of  the  earth,  and  that  the  point  R  is  higher 
than  these  points  by  the  distance  or  quantity  R  E ; 
now  it  is  required  to  reduce  the  triangle  A  P  R  to 
that  of  APE. 

By  the  following  rule,  you  may  reduce  the  angles 
'  11 A  P,  R  P  A,  which  have  their  summits  in  the  plain 
of  reduction,  to  the  angles  E  P  A,  E  A  P. 

Rule.  The  cosine  of  the  reduced  angle  is  equal  to 
the  cosine  of  the  observed  angle,  divided  by  the  co-« 
sine  of  the  angle  of  elevation. 

These  two  angles  being  known,  the  third  E  is 
consequently  known ;  .  we  shall,  however,  give  a 
rule  for  finding  AEP;  independent  of  the  other 
two. 

Rule.  The  cosine  of  the  reduced  angle  is  equal 
to  the  cosine  of  the  obsefved  angle,  lessened  by  the 
Rectangle  of  the  skies  of  the  angles  of  elevation, 
divided  by  the  rectangle  of  the  cosine  of  the  same 
angles. 

The  reduction  of  the  sides  can  be  no  difficulty. 

Case  2.  Fig.  17,  plate  9.  Let  A  R  r,  be  the  trian- 
gle to  be  reduced  to  the  plain  A  E  e,  the  points  E,  e, 
of  the  vertical  lines  RE,  re,  being  supposed  equally 
distant  from  the  centre  of  the  earth. 

Prolong  the  plain  A  E  e,  to  P,  that  is,  till  it  meets 
the  line  R  r,  produced  to  P ;  and  the  value  of  E  A  e, 
will  be  found  by  the  following  formulae. 

l.Tangent4-(PAR  +  PAr)  =  tangenti.RArX 

tanjjent  4-  (R  A  E  +  r  A  e)      ^  .     .   ,^ 

- — 2 — ^  ,  ;p  .  js  T— (•     Knowmg  the  half  sum 

tangent  i  (RAE  —  rAe)  ® 

and  half  difference  of  P  A  R,  and  P  A  r,  we  obtain 

the  value  of  each  of  the  angles  ;  the  value  of  P  A  E, 

and  P  A  e,  may  be  then  obtained  by  the  first  of  the 

two  preceding  rules,    and   the  dinerence  between 

them  is  the  angle  sought. 

Let  Cj^g.  16,  plate  9,  be  the  centre  of  the 

earth,  let  AB,  be  the  side  of  a  triangle  reduced  to 
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a  commoh  horizon  by  the  preceding  methods ;  if 
it  be  required  to  reduce  this  to  the  plain  D  E^  as 
these  planes  are  parallel^  the  angles  will  remain  the 
same ;  therefore^  the  sides  only  are  to  be  reduced^ 
the  mode  of  performing  which  is*evident  from  the 
figure. 

Method  of  referring  a  series  of  triangles  to  a 
meridian  line,  and  another  line  perpendicular  to  it.^ 

This  method  will  be  found  somewhat  similar  to  one 
used  by  Mr.  Gale,  and  described  at  length  in  the  ar- 
ticle of  surveying;  it  is  a  mode  that  should  be  adopted 
wherever  extreme  acx;uracy  is  required,  for  whatever 
care  is  taken  to  protract  a  series  of  triangles,  the 
protractor,  the  points  of  the  compasses,  the  thickness 
of  the  line,  the  inequality  of  the  paper,  &c.  will 
produce  in  the  fixing  of  the  points  of  a  triangle  an 
error,  which,  though  small  at  first,  will  have  its  in- 
fluence on  those  that  succeed,  and  become  veiy 
sensible^  in  proportion  as  the  number  of  triangles  is 
augmented.  This  multiplication  of  errors  is  avoided 
by  the  following  problem. 

Let  AB,^^.  14,  plate  9,  be  the  meridian,  CD, 
the  perpendicular,  and  the  triangles  o  a  d,  d  a  e,  d  e  g, 
e  gi,  g  i  1,  those  that  have  been  observed ;  from  the 
point  o,  (which  is  always  supposed  to  be  on  a  men* 
dian,  or  whose  relation  to  a  meridian  is  known)  ob- 
serve the  angle  B  o  a,  to  know  how  much  the  point 
a  declines  from  the  meridian. 

In  the  right-angled  triangle,  o  B  a,  we  have  the 
angle  Boa,  and  the  right  angle,  and  consequently, 
the  angle  o  a  B,  together  wim  die  side  o  a,  to  find 
oB,  and  Ba. 

For  the  point  d,  add  the  angle  B  o  a,  to  the  ob- 
served angle  a  o  d,  for  the  ^d  o  b,  or  its  equal  o  d  m, 
and  the  complement  is  the  angle  m  o  d,  whence  aa 
before,  to  find  o  m,  and  m  d. 

For  the  point  g,  add  the  angles  m  d  o,  o  d  a,  a  d  e, 
«ndedg,  which  subtract  from  36o,  to  obtain  the 
^n^h  g  a  r,  of  the  right«)gled  triangle  g  r  d ;  heac9 
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we  also  readily,  as  in  the  preceding  triangles^  obtain 
r  g  =:  m  t,  which  added  to  m  o,  gives  t  o  the  dis* 
tance  from  the  meridian.  Then  we  obtain  r  d,  from 
which  taking  d  m,  you  obtain  r  m^  equal  g  t,  the 
distance  from  the  perpendicular. 

For  the  point  e,  take  the  right  angle  r  d  f,  from 
the  two  angles  r  d  g,  g  d  e,  and  the  remainder  is  the 
angle  f  d  e  of  the  right*angled  triangled  d  f  e ;  hence 
we  obtain  fed  and  d  f,  which  added  to  d  b,  gives 
b  fy  equal  to  x  e,  the  distance  from  the  meridian ; 
from  the  same  right-angled  triangle  we  obtain  f  e, 
which  added  to  f  n,  equal  to  d  m,  gives  e  n^  the 
distance  from  the  perpendicular. 

For  the  point  i,  add  together  the  angles  r  g  d,  d  g  e^ 
egi,  and  from  the  sum  subtract  the  right  angle 
r  g  h,  and  you  obtain  the  angle  g  h  i,  of  the  right<^ 
angled  triangle  h  gi,  and  consequently  the  angle  i; 
hence  also  we  get  h  i,  equal  t  p,  which  added  to  t  o> 
gives  o  p,  distance  from  the  meridian,  and  g  h,  from 
which  subtracting  gt,  we  obtain  th,  equal  to  pi> 
distance  from  the  perpendicular. 

For  the  point  1,  the  angle  g  h  i,  added  to  the  an- 
gle 1  g  i,  gives  the  angle  1  g  k  of  the  right-^an^led 
triangle  g  k  1,  and  of  course  the  angle  g  1  k,  whence 
we  obtain  k  I,  or  t  y ,  which  added  to  t  o,  gives  o  y, 
distance  from  the  meridian ;  hence  we  also  obtain 
g  k,  which  taken  from  g  t,  gives  k  t,  equal  1  y,  dis« 
tance  from  the  perpendicular. 

If,  before  the  operation^  no  fixed  meridian  was 
given,  one  may  be  assumed  as  near  as  possible 
to  the  point  o;  for  the  error  in  its  position  will 
not  at  all  influence  the  respective  position  of  the 
triangles. 

To  the  mathematicil  student,  who  may  have  a  desire  to  pro- 
feed  on  a  complete  course  of  mathematical  sciences,  the  follow- 
ing most  eminent  authors  are  recommended. 

Algebra^  by  Simpson,  8to.  1755 ;  Madaurio,  8?o,  1771 ;  Boa- 
iiycaBtle*^  Introduction,  12mo*  1796« 
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Geomihy.  Euclid's  Elements,  by  Dr.  Simpson,  8to.  1791; 
Elements,  by  Playfair,  8vo.  1795;  Emerson,  8to.  176S;  Geo- 
mctrie  de  Position,  par  Caniot,  4to.  1803 ;  and  La  Croix,  Elemena 
de  Geometrie,  8to.  1811. 

Twonometry^  by  Simpson,  8vo.  l765;  Emerson,  8to.  1788; 
Traite,  by  Ca^noli,  4to.  Paris,  1786;  and  a  complete  Practical 
Treatise,  8vo.  by  T.  Keith,  1812. 

Conic  SecHons^  by  Hamilton,  4to.  1758 ;  Hutton,  8to.  1787  ; 
Elements,  by  Vince,  8vo.  1781,  by  Newton,  8vo.  179i>,  and  Ro- 
bertson, 8to.  1802. 

Fluxions^  by  Simpson,  8to.  1776,  and  Madaurin,  4to.  2  vols, 
1742;  Introduction,  by  Rowe,  8to.  1767»  and  Emerson,  8to, 
1768. 

Logarithmic  TabUif  by  Taylor,  to  every  second  of  the  quad- 
rant, 4to.  1792,  by  Hutton,  8vo.  1801,  and  Tables  PorUtiyes, 
par  CaUet,  1808. 

Mensuration^hy  Hutton,  8vo.  180S;  Button's  Course  of  Ma- 
thematics, 8  vols.  8vo.  1811* 

Mathematical  Dictionary^  by  Hutton,  in  2  vols.  4to.  1796. 

To  these  may  be  added,  Emerson*s  Mathematical  Works^  in 
10  vols.  8vo.  and  a  Course  published  at  Cambridge  by  Vinct  and 
Wood,  in  —  vols.  8vo. 

Fortification.  Miiller's  Course  of  Mathematics,  drc  7  volsb 
.8vo.  Landman's  Works,  Cormontaigne  sur  la  Fortification,  S  torn. 
9vo.  St.  Paul,  Traite  de  Foxtification,  2  torn.  8vo.  1811.    EsiT. 
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JL  HE  practice  of  surveying  may  be  considered  as 
consisting  of  four  parts.  1.  Measuring  straight  lines. 
9«  Finding  the  position  of  straight  lines  with  respect 
to  each  other*  3.  Laying  down^  or  planning  upon 
paper  these  positions  ana  measures.  4.  Obtaining 
the  superficial  measure  of  the  land  to  be  surveyed. 

We  may,  therefore,  define  land  surveying  to  be 
the  art  which  teaches  us  to  find  how  many  times 
uny  customary  measure  is  contained  in  a  given 
piece  of  ground,  and  to  exhibit  the  true  boundaries 
thereof  in  a  plan  or  map, 

A  station  line  is  a  straight  line,^  whose  length  is 
accurately  ascertained  by  a  chain,  and  the  bearing 
determined  by  some  graduated  instrument. 

An  offset  is  the  distance  of  any  angular  point  in 
the  boundary  from  the  station  line,  measured  -by  a 
line  perpendicular  thereto. 

The  curvature  of  the  earth  within  the  limits  of  an 
ordinary  survey,  is  so  inconsiderable,  that  its  surface 
may  be  safely  considered  by  the  land  surveyor  as 
a  plain.  In  a  large  extent,  as  a  province,  or  a 
kingdom,  the  curvature  of  the  earth's  surface  be- 
comes very  considerable^  and  due  allowance  must  be 
made  for  it. 

All  plains,  how  many  sides  soever  they  consist  of^ 
may  be  reduced  into  triangles,  and  may  therefore  be 
considered  as  composed  thereof;  and,  consequently^ 
what  is  required  in  surveying,  are  such  instruments 
as  will  measure  the  length  of  a  side^  and  the  quantity 
of  an  angle  of  a  triangle^ 
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A  few  general  observations,  or  hints,  can  only 
be  expected  in  this  place ;  for,  after  all  that  we  can 
say,  the  surveyor  must  depend  on  his  own  judg- 
ment for  contriving  his  work,  and  his  own  skill  in 
discriminating,  among  various  methods,  that  which 
is  best. 

The  first  business  of  the  surveyor  is  to  take  such 
H  general  view  of  the  ground  to  be  surveyed,  as  will 
fix  a  map  thereof  in  his  mind,  and  thence  deter* 
mine  his  situations  for  his  station  lines,  and  the 
i)laces  where  the  instruments  may  be  used  to  the 
greatest  advantage. 

Haying  settled  the  plan  of  operations,  his  next 
business  is  to  examine  his  instruments,  and  see 
that  they  are  all  in  proper  order,  and  accurately 
adjusted.  He  should  measure  carefully  his  chain, 
and  if  there  be  any  errors  therein,  correct  them ; 
prepare  staves,  marks,  &c.  for  distinguishing  tlie 
several  stations* 

The  fewer  stations  that  can  be  made  use  of,  the 
}css  will  be  the  labour  of  the  survey ;  it  will  also  be 
more  accurate,  less  liable  to  mistakes  while  in  the 
field,  or  errors  when  plotting  the  work  at  home. 
•  The  station  lines  should  always  be  as  long  as  pos- 
sible, whert  it  can  be  done  without  rendering  the 
oifsets  too  large ;  where  great  accuracy  is  required, 
these  lines  should  be  repeatedly  measured,  the  first 
great  point  being  the  careful  mensuration  of  your 
station  lines;  the  second,  to  determine  the  situation 
of  places  adjoining  to  them.  For  every  station  line 
is  the  basis  of  the  succeeding  operations,  and  fixes 
the  situation  of  tiie  different  parts. 

The  surveyor  should  so  contrive  his  plan,  as  to 
avoid  the  multiplication  of  small  errors,  and  par- 
ticularly those  that  by  communication  will  extend 
themselves  through  the  whole  operation..   If  the 
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estate  be  large,  or  if  it  be  subdivided  into  a  great 
number  of  fields,  it  would  be  improper  to  survey 
the  fields  singly,  and  then  put  them  together,  nor 

'  could  a  survey  be  accurately  made  by  taking  all  the 
angles  and  boundaries  that  inclose  it.  If  possible, 
fix  upon,  for  station  points,  two  or  more  eminent 
situations  in  the  estate,  irpm  whence  tlie  principal 

.  p&rts  may  be  seen;  let  these  be  as  iar  distant 
nt>m  each  other  as  possible ;  the  work  will  be  more 
accurate  when  but  few  of  these  stations  are  made 
use  of,  and  the  station  lines  will  be  more  conve- 
nient, if  they  are  situated  near  the  boundaries  of  the 
estate* 

Marks  should  be  erected  at  the  intersection  of  all 
hedges  with  the  station  line,  in  order  to  know  where 
to  measure  from,  when  the  fields  are  surveyed.  All 
necessary  angles  between  the  main  stations  should 
be  taken,  carefully  measuring  in  a  rieht  line  the 
distance  from  each  station,  noting  down,  while 
measuring,  those  distances  where  the  lines  meet  a 
hedges  a  ^tch,  &c.  If  any  remarkable  object  be 
situated  near  the  station  line,  its  perpendicular 
distance  therefrom  should  be  ascertained;  in  the 
same  manner,  all  offsets  from  the  ends  of  hedges, 

Eonds,  houses,  &c.  from  the  main  station  line  should 
e  obtained,  care  being  takeii  that  all  observations 
from  the  station  line,  as  the  measure  of  angles,  &c. 
be  always  made  from  points  in  the  station  line. 

When  the  main  stations,  and  every  thing  ad- 
joining to  them,  have  been  found,  then  the  estate 
may  be  subdivided  into  two  or  three  parts  by  new 
station  lines,  fixing  the  stations  where  the  best  views 
can  be  obtained ;  these  station  lines  must  be  accu- 
rately measured,  and  the  places  where  they  intersect 
hedges  be  exactly  ascertained,  and  all  the  necessary 
offsets  determined. 

This  effected,  proceed  to  survey  the  adjoining 
fields,  by  observing  the  angles  that  the  sides  make 
with  the  station  lines  at  their  intersections  there- 
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with;  the  distances  of  each  comer  of  the  field 
from  these  intersections^  and  that  of  all  necessary 
offsets. 

Every  thing  that  could  be  determined  from  these 
stations  being  found,  assume  more  internal  stations, 
and  thus  continue  to  divide  and  subdivide,  till  at  last 
you  obtain  single  fields,  repeating  the  same  opera- 
tions, as  well  for  the  inner  as  for  the  exterior  work, 
till  all  be  finished. 

Every  operation  performed,  and  every  observa- 
tion made,  is  to  be  carefully  noted  down,  as  the 
data  for  fixing  the  situations  upon  the  plan.  The 
work  should  be  closed  as  often  as  convenient,  and 
in  as  few  lines  as  possible ;  what  is  performed  in 
one  day  should  be  carefully  laid  down  every  night, 
in  order  not  only  to  discover  the  regular  process  of 
the  work,  but  to  find  whether  any  circumstance 
has  been  neglected,  or  any  error  committed,  ncv 
ticing  in  the  field-book,  how  one  field  lies  by  an- 
other, that  they  may  not  be  displaced  in  the  draft. 

If  an  estate  be  so  situated,  that  the  whole  cannot 
he  surveyed  together,  because  one  part  cannot  be 
seen  from  the  other,  divide  it  into  three  or  four  parts, 
and  survey  them  separately,  as  if  they  were  lands  be- 
longing to  difiereht  persons,  and  at  last  join  them 
together.  ' 

As  it  is  thus  necessary  to  lay  down  the  work  as 
you  proceed,  it  will  be  proper  to  find  the  most  con- 
venient scale  for  this  purpose ;  to  obtain  this,  mea- 
sure the  whole  length  of  the  estate  in  chains,  then 
consider  how  many  inches  long  your  plan  is  to  be, 
and  fix>m  these  conditions,  you  will  ascertain  how 
many  chains  you  have  in  an  inch,  and  thence  choose 
your  scale. 

In  order  that  the  surveyor  may  prove  his  work, 
and  see  daily  that  it  goes  on  right,  let  him  choose 
some  conspicuous  object  that  may  be  seen  from 
all,  or  the  greater  {lart,  of  the  estate  he  is  surveying; 
«nd  then  measure  with  accuracy  the  angle  this  ob* 
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ject  makes,  with  two  of  the  most  convenient  sta^ 
tions  in  the  first  round,  entering  theoi  in  the  field- 
book  or  sketch  where  they  were  taken  ;  whqn  you 
plot  your  first  round,  you  will  find  the  true  situation 
of  this  object  by  the  inters^tion  of  the  angles.  Mea- 
sure the  angle  this  object  makes,  with  one  ^f  your 
station  lines  in  the  second,  third,  &c.  rounds :  these 
angles,  when  plotted  one  day  after  another,  will  in- 
tersect each  other  in  the  place  of  the  object,  if  the 
work  be  right ;  otherwise  some  mistake  has  been 
''  committed,  which  must  be  corrected  before  the  work 

is  carried  any  further* 

Fields  plotted  from  measured  lines  only,  are  al 
ways  plotted  nearest  the  truth,  when  those  lines  form, 
at  their  meeting,  angles  nearly  approaching  to  righl: 
angles. 

OF  THB   MOST  ADVANTAGEOUS    CIRCUMSTANCES   FOR 

A   SERIES   OF  TRIANGLES. 

The  three  angles  of  every  triangle  should  always, 
if  possible,  be  measured. 

As  it  is  iootpossible  to  avoid  some  degree  of  error  in 
taking  of  angles,  we  should  be  careful  so  to  order  our 
operations,  that  this  error  may  have  the  least  possible 
influence  on  the  sides,  the  exact  measure  of  which  is 
the  end  of  the  operations. 

Now,  in  a  right-lined  triangle,  it  is  necessary  to 
liave  at  least  one  side  measured  mediately  or  imme- 
xliately ;  the  choice  of  the  base  is  therefore  the  funda- 
mental operation ;  the  determinations  will  be  most 
accurate  to  find  one  side,  when  the  base  is  equal  to 
ithe  side  required ;  to  find  two  sides,  an  equilateral 
triangle  is  most  advantageous. 

In  general,  when  the  base  cannot  be  equal  to  the 
«ide  or  sides €ought,  it  should  be  as  long  as  possible^ 
.and  the  angles  at  the  base  should  be  equal. 

In  any  particular  case,  where  only  two  angles  of 
jfL  triangle  can  be  actually  observed,  they  should  b% 
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each  of  them  as  near  as  possible  to  45° ;  at  any  7al# 
their  sum  should  not  difter  much  irom  §0° ;  for,  th# 
less  the  computed  angle  differs  from  90%  the  leaf 
chance  there  will  be  of  any  considerable  error  in  tha 
intersection. 


DSSCRIPnON  OF  THE  VARIOUS  INSTRUMENTS  USED  IH 
SURVEYING,  AND  THE  METHOD  OF  APPLYING  THEM 
TO  PRACTICE,  AND  EXAMINING  THEIR  ADJUSTi* 
MENT8. 

The  variety  of  instruments  which  are  now  made  use 
of  in  surveying  is  so  great,  and  the  improvementa 
which  have  been  made  within  these  few  years  are  so 
numerous,  that  a  particular  description  of  each  is 
become  necessary ;  for,  by  seeing  their  respective 
merits  or  defects,  the  purchaser  may  be  enabled  to 
avail  himself  of  the  one,  and  avoid  the  other,  and 
be  also  enabled  to  select  those  that  are  best  adapted 
to  his  purposes. 

The  accuracy  of  geometrical  and  trigonometrical 
mensuration,  depends  in  a  great  degree  on  the  ex- 
actness and  perfection  of  the  instruments  made  use 
of;  if  these  are  defective  in  construction,  or  diiHeult 
.  in  use,  the  surveyor  will  either  be  subject  to  error, 
or  embarrassed  with  continual  obstacles.  If  the  ad- 
justments, by  which  they  are  to  be  rendered  fit  for 
observation,  be  troublesome  and  inconvenient,  they 
will  be  taken  upon  trust,  and  the  instrument  will 
be  used  without  examination,  and  thus  subject  the 
surveyor  to  errors,  that  he  can  neither  account  for, 
nor  correct. 

In  the  present  state  of  science,  it  may  be  laid 
down  as  a  maxim,  that  every  instrumant  should  be 
so  contrived,  that  the  observer  may  easily  examine 
and  rectify  the  principal  parts ;  for  however  caret- 
ful  the  instrument-maker  may  be,  however  per-r 
feet  the  execution  thereof,  it  is  not  possible  tihat 
any  instrument  should  Jong  remain  aqcurately  fixe4 
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in  the  position  in  which  it  came  out  of  the  maker's 
hand^  and  therefore  the  principal  parts  should  be 
moveable^  to  be  rectified  occasionally  by  the  ob* 
•erver.  / 

jOf  XNUMERATION  OF   INSTRUMENTS  NECESSARY  FOR 

A   SURVEYOR; 

Fewer  or  more  of  which  will  be  wanted,  accord- 
ing to  the  extent  of  his  work,  and  the  accuracy 
required. 

A  case  of  good  pocket  instruments. 

A  pair  of  beam  compasses. 

A  set  of  feather-edged  plotti|ig  scales. 

Three  or  four  parallel  rules,  either  those  of^^.  A, 

B,  and  C,  platt  2,  or  Jig.  F  G  H,  plaU  2. 
A  pair  of  proportionable  compasses. 
A  pair  of  triangular  ditto.  ^ 

A^ntagniph. 
A  cross  staff. 
A  circumferentor. 
An  Hadley*s  sextant.* 
An  artificial  horizon. 
A  theodolite. 
A  surreying  compass. 
Measunng  chains,  and  measuring  tapes. 
King's  surveying  quadrant. 
A  perambulator,  or  measuring  wheel. 
A  spirit  level  with  telescope. 
Station  staves,  used  with  the  level. 
A  protractor,  with  or  without  a  nonius. 

To  be  added Jor  ceunty  and  marine  surveying.: 

An   astronomical    quadrant,    a   circular   instru- 
ment, or-repeating  circle. 

^  When  portability  is  desired,  the^new  pocket  S-inch  brass 
box  sextant  may  be  substituted.    Epit. 
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A  good  refracting  and  reflecting  telescope,  with 
micrometer. 
A  copying  glass. 

For  marine  surveying. 

A  station  pointer. 

An  azimuth  compass,  with  improved  sights. 

One  or  two  boat  compasses. 

Besides  these,  a  numbet  of  measuring  rods,  iron 
pins.  Of  arrows,  &c.  will  be  found  very  convenient^ 
and  two  or  three  offset  staves,  which  are  straight 
pieces  of  wood,  six  feet  seven  inches  long,  and 
about  an  inch  and  a  quarter  square ;  they  should 
be  accurately  divided  into  ten  equal  parts,  each  of 
which  will  be  equal  to  one  link.  These  are  used 
for  measuring  offsets,  and  to  examine  and  adjust 
the  chain. 

Five  or  six  staves  of  about  five  feet  in  length,  and 
one  inch  and  an  half  in  diameter,  the  upper  part 
painted  white,  the  lower  end  shod  with  iron,  to  be 
struck  into  the  ground  as  marks. 

Twenty  or  more  iron  arrows,  ten  of  which  are 
always  wanted  to  use  with  the  chain,  to  count  the 
number  of  links,  and  preserve  the  direction  of  the 
chain,  so  that  thp  distance  measured  may  be  really 
in  a  straight  line. 

The  pocket  measuring  tapes  in  leather  boxes  are 
often  very  convenient  and  useful.  They  are  made 
to  the  different  lengths  of  one,  two,  three,  four 
poles,  or  66  feet  and  100  fJeet ;  divided,  on  one  side, 
into  feet  and  inches,  and  on  the  other  into  links  of 
the  chain,  or  decimals  of  a  yard.  Instead  of  tl^e 
latter,  are  sometimes  placed  the  centesimals  of  a 
yard,  or  three  feet  into  100  equal  parts. 
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OF  THE  INSTRUMENTS  USED  IN  MEASURING 

STRAIGHT  LINL S. 


^ 


bF   THE    CHAIN. 


iThe  length  of  a  straight  line  must  be  found  me- 
chanically by  the  chain,  previous  to  ascertaining 
any  distance  by  trigonometry ;  on  the  exactness  of 
this  mensuration  the  truth  of  Ihe  operations  will  de- 
pend. The  surveyor,  therefore,  cannot  be  too  care- 
ful in  guarding  against,  rectifying,  or  makihg  al- 
low^ances  for  every  possible  error;  and  the  chain 
should  be  examined  previous  and  subsequent  to 
every  operation. 

For  the  chain,  however  useful  and  necessary,  is  not 
infallible  ;  it  is  liable  to  many  errors.  1 .  In  itself. 
2.  In  the  method  of  using  it.  3.  In  the  uncertainty 
of  pitching  the  arrows ;  so  that  the  surveyor,  who 
wishes  to  obtain  an  accurate  survey,  will  de])end  at 
little  as  possible  upon  it,  using  it  only  where  abso- 
lutely necessary  as  a  basis,  and  then  with  every  pos^ 
sible  precaution. 

If  the  chain  be  stretched  too  tight,  the  rings  will 
give,  tlie  arrow  incline,  and  the  measured  base  will 
appear  shorter  than  it  really  is ;  on  the  other  hand, 
if  it  be  not  drawn  sufficiently  tight,  the  n^easure 
obtained  will  be  too  long.  I  have  been  informed  by 
an  accurate  and  very  intelligent  surveyor,  that  when, 
the  chain  has  been  much  used,  he  has  generally 
found  it  necessary  to  shorten  it  every  second  or 
third  day.  .  Chains  made  of  strong  wire  are  pre- 
ferred. 

Gu7it€7'^s  chain  is  the  measure  universally  adopted 
in  this  kingdom  for  the  purpose  of  land  surveying, 
being  exceedingly  well  adapted  for  the  mensuration 
of  land,  and  aftbrding  very  expeditious  methods  of 
casting  up  what  is  measured.  It  is  sixty-six  feet,  or 
four  poles  in  length,  and  is  divided  into  100  links,. 
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each  link  with  the  rings  between  them  is  7.92  inches 
long,  every  tenth  link'  is  pointed  out  by  pieces  of 
brass  of  different  shapes,  for  the  more  readily  count- 
ing of  the  odd  links. 

The  English  acre  is  4840  square  yards,  and  Gun- 
ter's  chain  is  22  yards  in  length,  and  divided  into 
100  links  ;  and  the  square  chain,  or  22  multiplied 
by  22,  gives  484,  exactly  the  tenth  part  of  an  acre  ; 
and  ten  chains  squared  are  equal  to  one  acre ;  con- 
sequently, as  the  chain  is  divided  into  100  links,  every 
superficial  chain  contains  100  multiplied  by  100, 
that  is  10,000  square  links;  and  10  superficial 
chains,  or  one  acre  contains  100,000  square  links. 

If,  therefore,  the  content  of  a  field,  cast  up  in 
square  links,  be  divided  by  100,000,  or,  (which  is 
the  same  thing)  if  from  the  content  we  cut  off  the 
five  last  figures,  the  remaining  figure  towards  the  left 
handr^ives  the  content  in  acres,  and  consequently 
the  number  of  acres  at  first  sight ;  the  remaining 
decimal  fraction,  multiplied  by  4,  gives  the  roods, 
and  the  decimal  part  of  this  last  product  multiplied 
by  40,  gives  the  poles  or  perches. 

Thus,  if  a  field  contains  16.54321  square  links, 
we  see  immediately  that  it  contains  16  acres,  54321 
multiplied  by  4,  gives  2.17284  or  2  roods  and  17284' 
parts;  these,  multiplied  by  40,  produce  6,91360,  or 
6  poles,  91360  parts. 

Directions  Jor  using  the  chain.  Marks  are  first  to 
be  set  up  at  the  places  whose  distances  are  to  be  ob* 
taiued  ;  the  place  where  you  begin  may  be  called 
your  first  station ;  and  the  station  to  which  you 
measure,  the  second  station.  Two  persons  arc  to 
hold  the  chain,  one  at  each  end ;  the  foremost,  or 
chain  leader,  must  be  provided  with  nine  arrows^ 
one  of  which  is  to  be  put  down  perpendicularly  at 
the  end  of  the  chain  when  stretched  out,  and  to 
be  afterwards  takes  up  by  the  follower,  by  way  of 
keeping  an  account  of  the  number  of  chains.  When 
the  arrows  have  all  been  put  down^  the  leader  must 
wait  till  the  follower  brings  him  the  arrows,  then 
proceeding  onwards  as  before,  but  without  leaving  an 
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arrow  at  the  tenth  extension  of  the  chain.  In  order  td 
keep  an  account  of  the  number  of  times  which  the  ar- 
rows are  thus  exchanged,  they  should  each  tic  a  knot 
on  a  string,  carried  for  that  purpose,  and  which  may 
be  fastened  to  the  button,  or  button-hole  of  the  coat; 
they  should  also  call  out  the  number  of  those  ex« 
changes^  that  the  surveyor  may  have  a  check  on  them. 

It  is  very  necessary  Uiat  the  chain  bearers  should 
proceed  in  a  straight  line  ;  to  this  end,  the  second, 
and  all  the  succeeding  arrows,  should  always  be  so 
placed,  that  the  next  foregoing  one  may  be  in  a  line 
with  it,  the  place  measured  from,  and  that  tbvvhich 
you  are  advancing ;  it  is  a  very  good  method  to  set 
up  a  staff  at  every  ten  chains,  as  well  for  the  purpose 
of  a  guide  to  preserve  the  rectilinear  direction,  as  to 
'  prevent  mistakes. 

All  distances  of  offsets  from  the  chain  line  to  any 
boundary  which  are  less  than  a  cliain,  are  moat  con- 
veniently measured  by  the  offset  staff;  the  measure 
must  always  be  obtained  in  a  direction  perpendicular 
to  the  chain.* 

The  several  problems  tliat  may  be  solved  by  tii^ 
chain  alone,  will  be  found  in  that  part  of  the  work, 
which  treats  of  practical  geometry  on  the  ground.-f* 

*  Various  tables  o£  English  and  foreign  messitrei>,  useful  to  snr- 
teyors,  &c.  are  annexed  to  this  work. 

f  The  best  method  of  survey ingbjr  the  chain,  and  now  generally 
tised  by  the  more  skilful  surveyors,  1  judge,  a  sketch  of  here  will  be 
acceptable  to  many  readers.  It  consists  of  fonning  the  estates  int^ 
triangk'S,  and  applying  lines  within  them  parallel  and  contiguous 
to  every  fence  and  line  to  be  laid  down,  with  oflsets  from  these  lines 
when  necessary.  The  peculiar  advantage  of  this  method  is,  that, 
after  three  lines  are  measured  and  laid 
down,  every  other  line  proves  Ftself  upon 
application.  Thus,  if  the  triangle  a  bcbe 
laid  down,  and  the,  points  dtmd  e  given  in 
the  sides,  when  the  line  de  has  been  mea- 
sured for  the  purpose  of  taking  a  fence  con-  ^^ 
liguous  to  it,  it  will  prove  itself  when  laid 
down,  from  the  two  extremities  being^iven. 
This  method  cannot  be  used  in  woods,  where  the  principal  h'ne*- 
could  not  be  observed,  or  in  surveying  roads  or  very  detached  parts 
of  estates ;  in  such  cases  recourse  roust  be  had  to  the  thoodoUt«| 
•r  other  angular  instniment* 
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description  and  use  of  the  surveying ,  auad- 
rant,   for    adjusting   and    regulating   the 
.  Measures  obtained  by  the  chain  when  used 
s  on  hilly  ground,  invented  by  r.  klng^  sur- 
VEYOR: 

.  There  are  two  circumstances  to  be  considered  in 
the  measuring  of  lines  in  an  incHned  situation  ;  the 
j^rst  regards  the  plotting,  or  laying  down  the  mea- 
sures on  paper ;  the  secojul,  the  area,  or  superficial 
content  of  the  land.  With  respect  to  the  first,  it 
is  evident  that  the  oblique  lines  will  be  longer  than 
the  horizontal  ones,  or  base;  if,  therefore,  the 
plan  be  laid  do^n  according  to  such  measures,  all 
the  other  parts  thereof  would  be  thereby  pushed 
out  of  their  true  situation^ ;  hence  it  becomes  neces- 
sary to  reduce  the  hypothenusal  lines  to  horizontal, 
which  is  easily  eiFected  by  Mr.  King's  quadrant. 

With  respect  to  the  area,  there  is  a  difference 
among  surveyors ;  some  contending  that  it  should 
be  made  according  to  the  hypothenusal ;  others,  ac* 
cording  to  the  horizontal  lines ;  but,  as  all  have 
agreed  to  the  necessity  of  the  reduction  for  the  first 
purpose,  we  need  not  enter  minutely  into  their 
reasons  here ;  for,  even  if  we  admft  that  in  some 
cases  more  may  be  grown  on  the  hypothenusal 
plain  than  the  horizontal,  even  then  the  area 
should  be  given  according  to  both  suppositions  as 
the  hilly  ^nd  uneven  ground  requires  more  labour 
in  the  working. 

The  quadrant  AB,  fig.  1,  plate  14,  is  fitted  to  a 
wooden  square,  which  slides  upon  an  o£&et  staff, 
and  may  be  fixed  at  any  height  by  means  of  the 
screw  C,  whicb  draws  in  the  diagonal  of  the  staff, 
thus  embracing  the  four  sides,  and  keeping  the  limb 
of  the  square  perpendicular  to  the  *  staff ;  the  staff 
«hould  be  pointed  with  iron  to  prevent  wear ;  when 
the  staff  is  fixed  in  the  ground  on  the  station  line,  the 
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square  answers  the  purpose  of  a  cross  staff,  and  may, 
if  desired^  have  sights  fitted  to  it. 

The  quadrant  is  three  inches  radius,  of  brass,  is 
furnished  with  a  spirit  level,  and  is  festened  to  the 
limb  D  E  of  the  square,  by  the  screw  G. 

When  the  several  lines  on  the  limb  of  the  qua- 
drant have  their  first  division  coincident  with  their 
respective  index  divisions,  the  axis  of  the  level  is 
parallel  to  the  staff. 

The  first  line  next  the  edge  of  the  quadrant  is 
numbered  from  right  to  left,  and  is  divided  into 
100  parts,  which  shews  the  number  of  links  in  the 
horizontal  line,  which  are  completed  in  100  links  on 
the  hypothenusal  line,  and  in  proportion  for  any 
lesser  number. 

The  second,  or  middlemost  line,  shews  the  number 
of  links  the  chain  is  to  be  drawn  forward,  to  render  the 
hypothenusal  measure  the  same  as  the  horizontal. 

The  third,  or  uppermost  line,  gives  the  perpendi- 
cular height,  when  the  horizontal  line  is  equal  to  100. 

To  use  the  quadrant.  Lay  the  staff  along  the  chain 
line  on  the  ground,  so  that  the  plain  of  the  quadrant 
may  be  upright,  then  move  the  quadrant  till  the 
bubble  stands  in  the  middle,  and  on  the  several  lines 
you  will  have,  l.The  horizontal  length  gone  for- 
ward in  that  chain.  2.  The  links  to  be  drawn  for- 
ward to  complete  the  horizontal  chain.  3.  The  per- 
pendicular height  or  descent  made  in  going  forward 
one  horizontal  chain. 

Tne  two  first  lines  are  of  the  utmost  importance 
in  surveying  land,  which  cannot  ix)ssibly  be  planned 
with  any  degree  of  accuracy  without  having  the  ho- 
rizontal line,  and  this  is  not  to  be  obtained  by  any 
instrument  in  use,  without  much  loss  of  time  to  the 
surveyor.  For  with  this,  he  has  only  to  lay  his  staff 
on  tlic  ground,  and  set  the  quadrant  till  the  bubble 
is  in  the  middle  of  the  space,  which  is  very  soon  per- 
formed, and  he  saves  by  it  more  time  in  plotting  his 
survey,  than  he  can  lose  in  the  field ;  for  as  he 
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completes  the  horizontal  chain  as  he  goes  forwards, 
the  offsets  are  always  in  their  right  places,  and  the 
field-book  being  kept  by  horizontal  measure^  his 
lines  are  always  sure  to  close. 

If  the  superficial  content  by  the  hypothenusal 
measure  be  required  for  any  particular  purpose,  he 
has  that  likewise  by  entering  in  the  margin  of  his 
field-book  the  links  drawn  forward  to  each  chain, 
having  thus  the  hypothenusal  and  horizontal  length 
erf" every  line. 

The  third  line,  which  is  the  perpendicular  height, 
may  be  used  with  success  in  finding  the  height 
of  timber;  thus  measure  with  a  tape  of  100  feet, 
the  surface  of  the  ground  from  the  root  of  the 
tree,  and  find,  by  the  second  line,  how  much  the 
tape  is  to  be  drawn  forward  to  complete  the  distance 
of  100  horizontal  feet;  and  the  line  of  perpen- 
diculars shews  how  many  feet  the  foot  of  the  tree  is 
above  jov  below  the  pls^ce  where  the  100  feet  distance 
is  completed. 

Then  inverting  the  quadrant,  by  means  of  sights 
fixed  on  the  staff,  place  the  staff  in  such  a  position, 
as  to  point  to  that  part  of  the  tree  whose  height  you 
want ;  and  slide  the  quadrant  till  the  bubble  stands 
level,  you  will  have  on  the  line  of  perpendiculars  on 
the  quadrant,  the  height  of  that  part  of  the  tree 
above  the  level  of  the  place  where  you  are  ;  to  which 
add  or  subtract  the  perpendicular  height  of  the  place 
from  the  foot  of  the  tree,  and  you  obtain  the  height 
required. 

OF  THE  sPERAMBULATOR,  OR  IMPROVED  MEA- 
SURING  WHEEL  ;  THE  WAY-WISER,  '  AKD  THE 
PEDOMETER. 

Fig.  6y  plate  17,  represents  the  perambulator, 
which /Consists  of  a  wheel  of  wood  A,  shod  or  lined 
with  iron  to  prevent  the  wear ;  a  short  axis  is  fixed  to 
ihis  wheel,  which  communicates,  by  a  long  pinion 
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fixed  in  one  of  the  sides  c^  the  carriage  B^  motion  to 
the  wheel-work  C,  included  in  the  box  part  of  the 
instrument.  For  portability  the  wheel  A  is  separable* 

In  this  instrument,  the  circumference  of  the 
wheel  A,  is  eight  feet  3  inches,  or  half  a  pole ; 
one  revolution  of  this  wheel  turns  a  single- 
threaded  worm  once  round ;  the  worm  takes  into 
a  wheel  of  80  teeth,  and  turns  it  once  round  in  80 
revolutions ;  on  the  socket  of  this  wheel  is  fixed  an 
index,  which  makes  one  revolution  in  40  poles,  or 
one  furlong :  on  the  axis  of  this  worm  is  fixed  an- 
otiier  worm  with  a  single  thread,  that  takes  into  a 
wheel  of  40  teeth ;  on  the  axis  of  this  wheel  is 
another  worm  with  a  single  thread,  turning  about  a 
wheel  of  1 6o  teeth,  whose  socket  carries  an  index 
that  makes  one  revolution  in  80  furlongs,  or  10 
mile^.  On  the  dial  plate,  see  Jig.  7>  there  are  three 
graduated  circles,  the  outermost  is  divided  into  220 
parts,  or  the  yards  in  a  furlong;  the  next  into 
40  parts,  the  number  of  poles  in  a  furlong ;  the 
third  into  80  parts,  the  number  of  furlongs  in  10 
miles,  every  mile  being  distinguished  by  its  proper 
Roman  figure. 

This  wheel  is  much  superior  to  those  hitherto 
made,  1.  Because  the  worms  and  wheels  act  without 
shake,  and,  as  they  liave  only  very  light  indices  to 
caiTy,  move  with  little  or  no  friction,  and  are, 
therefore,  not  hable  to  wear  or  be  soon  out  of  or- 
der; which  is  not  the  case  with  the  general  num- 
ber of  those  that  are  made,  in  which  there  is  a 
long  train  of  wheels  and  pinions,  and  consequently 
much  shake  and  friction.  2.  The  divisions  on  the 
graduated  circles  are  at  a  much  greater  distance, 
and  may  tlierefore  be  subdivided  into  feet,  if  re- 
quired. 3.  The  measure  shewn  by  the  indices  is 
far  more  accurate,  as  there  is  no  shake  nor  any 
loss  of  time  \n  the  action  of  one  part  in  another. 
The  instrument  is  sometimes  made  with  a  double 
wheel  for  steadiness  when  using,  and  also  with  a  b^ll 
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connected  to  the  wheel-work^  to  strike  the  number 
of  miles  gone  over. 

This  instrument  is  very  useful  for  measuring 
roads,  commons,  and  every  thing  where  expedition 
is  required ;  one  objection  is  however  made  to  it^ 
namely^  that  it  gives  a  measure  somewhat  too  long 
by  entering  into  hollows,  and  going  over  small 
hills.  This  is  certainly  the  case  ;  the  measuring 
wheel  is  not  an  infallible  mode  of  ascertaining  th^ 
horizontal  distance  between  any  two  places;  but 
tlien  i.t  may  with  propriety  be  asked  whether  any 
other  method  is  less  fallible  ?  whetlier  upon  th« 
whole,  and  in  the  circumstances  to  which  the 
measuring  wheel  is  usually  appropriated,  the  chaia 
is  not  equall]^  uncertain,  and  the  measure  obtained 
from  it  is  as  liable  to  error,  as  that  from  the  wheel. 

The  way-wiser  is  a  similar  kind  of  ipstruthent, 
but  generally  applied  to  carriages,  for  measuring 
the  roads  or  distance  travelled.  The  best  method 
for  constructing  such  a  one  is  represented  \njig.  8, 
plate  17.  Apiece  of  plate  iron  A  is  screwed  to  the 
inside  nave  of  the  wheel ;  this  being  of  a  curvi- 
lineal  shape,  in  every  revolution  of  the  coach-wheel 
B  it  pushes  against  the  sliding  bar  C,  which,  at  the 
other  end,  withinside  of  the  brass  box  of  wheel- 
work  D,  is  eut  with  teeth,  and  thereby  communi- 
cates motion  to  the  wheel-work  in  the  box.  The 
bar  is  re-acted  upon  by  a  spring  in  the  bo}f,  so  as 
to  drive  it  out  again  for  the  fresh  impulse  from  the 
iron  piece  on  the  nave,  at  every  ro^volution.  As  the 
wheels  of  carriages  differ  in  size,  the  wheel-work  is 
calculated  to  register  the  number  of  revolutions^ 
and  shew  by  three  indices  on  the  dial  plate  to  the 
amount  of  20,000.  In  any  distance,  or  journey 
performed,  the  length  of  feet  and  inches  in  the 
circumference  of  the  wheel  must  be  first  accu- 
rately measured,  and  that  multiplied  by  the  number 
shewn  on  the  dial  of  the  way-wiser  gives  the  dis- 
tance tun. 


^02  THE   SURVEYING   CROSS^ 

By  means  of  rods,  universal  joint,  &c.  it  is  often 
made  to  act  within  the  carriage,  so  that  the  person 
may,  at  any  moment,  without  the  trouble  of  getting 
out,  see  the  number  of  the  revolutions  of  the  wheel. 
If  the  instrument  is  to  be  always  applied  to  one 
wheel,  a  table  may  easily  be  constructed  to  shew  the 
distance  in  miles  and  its  parts  by  inspection  only. 

The  pedometer  is  exactly  the  same  kind  of  instru- 
ment as  the  way-wiser.  The  box  containing  the 
wheels  is  made  of  the  size  of  a  watch-case,  and  goe» 
into  Ihe  fob,  or  breeches  pocket ;  and,  by  means  of  a 
string  and  hook  fastened  to  the  waistband  or  at  the 
knee,  the  number  of  steps  a  man  takes  in  his  regular 
paces  are  registered,  from  the  action  of  the  string 
upon  the  internal  wheel-work,  at  ever^  step,  to  the 
amount  of  30,000.  It  is  necessary  to  ascertain  the 
distance  walked,  that  the  average  length  of  one  pace 
be  previously  known,  and  that  multiplied  by  the 
number  of  steps  registered  on  the  dial-plate.  This 
instrument  requires  a  person  to  be  very  uniform  in 
his  paces,  and  the  acting  distance  invariable,  or  a 
false  step  or  pull  will  be  made, 

OF  THE   SURVEYING   CROSS,  ^^.  2,  plate  14. 

The  cross  consists  of  two  pair  of  sights,  placed  at 
right  angles  to  each  other :  these  sights  are  some- 
times pierced  out  in  the  circumference  of  a  thick  tube 
of  brass  about  2-J.  inches  diameter,  secjig.  3, plate  14. 
Sometimes  it  consists  of  four  sights  strongly  fixed 
upon  a  brass  cross ;  this  is^  when  in  use,  screwed 
on  a  staff  having  a  sharp  point  at  the  bottom  to  stick 
in  the  ground ;  one  of  this  kind  is  represented  at 
Jig.  2,  plate  1 4.  The  four  sights  screw  off  to  make 
the  instrument  convenient  for  the  pocket,  and  the 
staff  which  is  about  44-  or  five  feet  in  length  (tor  both 
the  crosses)  unscrews  into  three  parts  to  go  in  a  port* 
mantcau,  &c. 

The  surveying  cross  is  a  very  useful  instrument  foir 
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placing  of  oifsets,  or  even  for  measuring  small  pieces 
of  ground ;  its  accuracy  depends  on  the  sights  being 
exactly  at  right  angles  to  each  other.  It  may  be 
proved  by  looking  at  one  object  through  two  of  the 
sights,  and  X)bserving  at  the  same  time,  without 
moving  the  instrument,  another  object  through  the 
other  two  sights ;  then  turning  the  cross  u|)on  th« 
staff,  look  at  the  same  objects  through  the  opjxwitc 
sights  ;  if  they  are  accurately  in  the  direction  of  the 
sights,  the  instrument  is  correct.* 

It  is  usual  in  order  to  ascertain  a  crooked  line  by 
offsets,  first  to  measure  a  base  or  station  line  in  the 
longest  direction  of  the  piece  of  ground,  and  while 
measuring,  to  find  by  the  cross  the  places  where  per- 
pendiculars would  fall  from  the  several  corners  and 
bends  of  the  boundary ;  this  is  done  by  trials,  fixing 
the  instrument  so,  that^  by  one  pair  of  sights  both 
ends  of  the  line  may  be  seen ;  and  by  the  other  pair, 
the  corresponding  bend  or  corner ;  then  measuring 
the  length  of  the  said  perpendicular.  To  be  more 
particular,  let  A,  h,  i,  k,  1,  m,  ^g*.  35,  plate  Q,  be  a 
crooked  hedge  or  river  ;  measure  a  straight  line,  as 
AB,  along  the  side  of  the  foregoing  liqe,  and  while 
measuring,  observe  when  you  are  opposite  to  any 
bend  or  comer  of  the  hedge,  as  at  c,  d,  e ;  from 
thence  measure  the  perpendicular  offsets,  as  at  c  h, 
d  i,  &c.  with  the  offset  staff,  if  they  are  not  too 
long;  if  so,  with  the  chain.  The  situation  of  the 
offsets  are  readily  found,  as  above  directed,  by  the 
cross,  or  King's  surveying  quadrant ;  they  are  to  be 
registered,  in  the  field-book. 

Of  surveying  with  the  chain  and  cross.  What  has 
been  denominated  by  many  writers,  surveying  by  the 

*  I  have  made  some  additions  to  the  box  cross  ^taif,  whicl^ 
have  been  found  useful  and  convenient  for  the  pocket,  where  great 
accuracy  is  not  required.  See^p^.  6.  A  compass  and  needle  at  the 
top  A,  to  give  the  bearings,  and  a  moveable  graduated  base  at  B, 
by  rack-work  and  pinion  C,  to  give  an  angle  to  5'  of  a  degree  by 
the  nonius  divided  on  the  box  above.  Thus  the  surveyor  may 
have  a  small  theodolite,  circumferentor,  and  cross  staff  all  in  one 
instrument.    Edit. 
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€hain  onljf^  is  in  fact  surveying  by  the  cross  and  chain » 
for  it  is  necessary  to  use  the  cross,  or  optical  square, 
for  determining  their  perpendicular  lines,  so  that  all 
that  has  been  said,  even  by  these  men,  in  favour  of 
the  chain  alone^  is  founded  in  fallacy.  To  survey  the 
triangular  field  A  B  G,  Jis*  22,  platt  Q,  by  the  chaia 
and  cross :  !•  Set  up  marks  at  the  corners  of  the  fields 
2.  Beginning,  suppose  at  A,  measure  on  in  a  right 
line  till  you  are  arrived  near  the  point  D,  where  a 
perpendicular  will  fall  iroro  the  angle,  let  the  chain 
lie  in  the  direction  or  line  AB.  3.  Fix  the  cross 
over  A  B,  so  as  to  see  through  one  pair  of  sights  the 
mark  at  A  or  B,  and  through  the  other,  the  mark  at 
C ;  if  it  does  not  coincide  at  C  with  the  mark,  the 
cross  must  be  moved  backwards  or  forwards,  till  by 
trials  one  pair  of  the  sights  exactly  coincide  with  the 
mark  at  C,  and  the  other  with  A  or  B.  4.  Observe 
how  many  chains  and  links  the  point  D  is  from  A, 
suppose  3.03.  which  must  be  entered  in  the  field- 
book«  5.  Measure  the  perpendicular  D  C,  643.7, 
finish  the  measure  of  the  base  line>  land  the  work  is 
done*  This  mode  ii  used  ai  present  by  many  sur^ 
wyorsy  pi^obably  because  there  is  no  check  whereby 
to  discover  their  errors^  zvkich  must  be  very  great^, 
if  the  survey  is  of  any  extent. 

To  plot  this,  make  AB  equal  11.41,  AD  equal 
to  3.oa;  on  the  point  D  erect  the  perpendicular 
D  C,  and  make  it  equal  6.43 ;  then  draw  A  C,  B  C^ 
and  the  triangle  is  formed. 

OF  THE   OPTICAL   SQUARE,  fg.  4,  plate  14. 

This  instrument  has  the  two  principal  glasses  of 
Hadlcys  quadrant,  and  was  contrived  by  my  father ; 
it  is  in  most,  if  not  in  all  respects  superior  to  the  com-^ 
mon  surveying  cross,  because  it  requires  no  staff, 
may  be  used  in  the  hand,  and  is  of  course  of  great 
use  to  a  military  officer.  It  consists  of  two  plain 
mirrors,  so  disposed,  that  an  object  seen  by  reftexion 
from  both^  will  appear  to  coincide  with  another  ob« 
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ject  seen  by  direct  vision  whenever  the  two  ob- 
jects subtend  m  right  angle  from  the  centre  of  the 
instrument,  alid  serves  therefore  to  raise  or  let  fall 
perpendiculars  on  the  ground,  as  a  square  does  on 
paper,  of  which  we  shall  give  some  examples.  Its 
application  to  the  purposes  of  surveying  will  be 
evident  from  these,  and  what  has  been  already  said 
concerning  the  cross. 

Fig.  4^  plate  14,  is  a  representation  of  the  instru-- 
ment  without  its  cover,  in  order  to  render  the  cpn- 
struction  more  evident.  There  is  a  cover  with  a  slit 
or  sight  for  viewing  the  objects ;  the  object  seen  di- 
rectly, always  coincides  with  the  object  seen  by  re- 
flexion, when  they  are  at  right  angles  to  each  otiier.* 

From  a  given  point  in  a  given  line,  to  raise  a  per- 
pendicular. 1  •  The  observer  is  to  stand  with  this  in- 
strument over  the  given  point,  causing  a  person  to 
stand  with  a  mark,  or  fixing  one  at  some  convenient 
distance  on  the  given  line.  2.  An  assistant  must  be 
placed  at  a  convenient  distance,  with  a  mark  some- 
where near  the  line  in  which  it  is  supposed  the  per- 
pendicular will  fall  ;  then  if  on  looking  atone  of  the 
objects,  the  other  be  seen  in  a  line  with  it,  the  place 
where  the  mark  of  the  assistant  is  fixed  is  the  re- 
quired point. 

From  a  given  point  over  a  given  line  to  let  fall  a 
perpendicular.  Every  straight  line  is  limited  and  dc* 
termined  by  two  points,  through  which  it  is  supposed 
to  pass ;  so  in  a  field  the  line  is  determined  by  two 
fixed  objects,  as  steeples,  trees,  marks  erected  for 
the  purpose,  &c.  For  the  present  operation,  the  two 
objects  that  determine  must  be  on  one  side  the  point 
*  where  the  perpendicular  falls ;  or,  in  other  words, 
the  observer  must  not  be  between  the  objects,  he 
must  place  himself  over  the  line,  in  which  he  will 
always  be  when  the  two  objects  coincide ;  he  must 
move  himself  backwards  on  tlie  line,  till  the  mark, 

•  See  the  description  of  a  considerable  improvement  upon  it, 
irft^r  the  descj^iption  of  the  Uadley's  sextant,  plate  11^.    Edit. 
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from  whence  the  perpendicular  is  to  be  let  fall^  seeik 
by  direct  vision,  coincides  with  one  of  the  objects 
which  determine  the  given  line  seen  by  reflexion,' 
and  the  instrument  will  be  over  the  required  point. 

To  measure  inaccessible  distances  by  the  optical 
square. 

Required  the  distances  from  the  steeple  A,  Jig. 
20,  plate  9,  to  B.  Let  the  observer  stand  with  his 
instrument  at  B,  and  direct  an  assistant  to  move 
about  C  with  a  staff  as  a  mark^  until  he  sees  it  coin- 
cide by  direct  vision  with  the  object  at  A ;  let  him 
fix  the  staft*  there  at  C ;  then  let  the  observer  walk 
along  the  line  A  C,  until,  when  atD,  A  and  B  coin- 
cide in  the  instrument,  and  B  D  will  be  perpendicu- 
lar to  A  C;  measure  the  three  lines  BC,  DC,  BD^  and 
then  the  following  proportion  will  give  the  required 
distance,  for  as  DC  is  to  D B,  so  is  B C  to  A B. 

Second  met  hod.  1 .  Make  B  C,  Jig.  2\y  plate  9, 
perpendicular  to  B  A.  2.  Divide  B  C  into  four 
equal  parts.  3.  Make  C  D  perpendicular  to  C  B. 
4.  Bring  F  £  A  into  one  line,  and  the  distance  from 
C  to  F  will  be  4^  of  the  distance  from  B  to  A, 

OF  THE   CIRCUMrERENTOR,  ^^.   1,  plate  15. 

This  instrument  consists  of  a  compass  box,  a  mag- 
netic needle,  and  two  plain  sights,  perpendicular  to 
the  meridian  line  in  the  box,  by  which  the  bearings 
of  objects  are  taken  from  one  station  to  another.  It 
is  not  much  used  in  England  where  land  is  valuable ; 
but  in  America  where  land  is  not  so  dear,  and  where 
it  is  necessary  to  survey  large  tracts  of  ground,  over- 
stocked with  wood,  in  a  little  time,  and  where  the 
surveyor  must  take  a  multitude  of  angles,  in  which 
the  sight  of  the  two  lines  forming  the  angle  may  be 
hindered  by  underwood,  the  circumferentor  is  chiefly 
used. 

The  circumferentor,  see  Jig.  l,  plate  15,  consists 
of  a  brass  arm,  about   14  or  15  inches  long,  with 
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tights  at  each  end^  and  in  the  middle  thereof  a  cir- 
cular box,  with  a  glas6  cover,  of  about  54-  inches 
diameter ;  within  the  box  is  a  brass  graduated  circle^ 
the  upper  surface  divided  into  36o  degrees,  and  num*- 
bered  lO,  20.  30.  to  36o ;  every  tenth  degree  is 
cut  down  on  the  inner  edge  of  the  circle.  The  bot- 
tom of  the  box  is  divided  into  four  parts  or  quadrants, 
each  of  which  is  subdivided  into  QO  degrees  num- 
bered from  the  meridian,  or  north  and  south  points, 
each  way  to  the  east  and  west  points ;  in  the  middle 
of  the  box  is  placed  a  steel  pin  finely  pointed,  called 
the  centre  pin,  on  which  is  placed  a  magnetic  needle, 
the  quality  of  which  is  such,  that,  allowing  for  the 
differenced  between  the  astronomic  and  magnetic 
meridians,  however  the  instrument  may  be  moved 
'  about,  the  bearing  or  angle,  which  any  line  makes 
With  the  magnetic  meridian,  is  at  once  shewn  by  the 
needle. 

At  each  end  of  the  brass  bar,  and  perpendicular 
thereto,  sights  are  fixed ;  in  each  sight  there  is  a 
large  and  small  aperture,  or  slit,  one  over  the  other, 
these  are  alternate ;  that  is,  if  the  aperture  be  upper- 
most in  one  sight,  it  will  be  lowest  in  the  other,  and 
80  of  the  small  ones;  a  fine  piece  of  sewing  silk,  or  a 
horse  hair,  runs  through  the  middle  of  the  large  slit. 
Under  the  compass  box  is  a  socket  to  fit  on  the  pin 
of  the  staff;  the  instrument  may  be  turned  round 
on  this  pin,  or  fixed  in  any  situation  by  the  milled 
•crew ;  it  may  also  be  readily  fixed  in  an  hoxizontal 
direction  by  the  ball  and  socket  of  the  staff,  moving 
for  this  purpose  the  box,  till  the  ends  of  the  needle 
are  equi-distant  from  the  bottom,  and  traverse  or 
play  with  freedom. 

Occasional  variations  in  the  construction  of  this 
instrument,,  are  1 .  In  the  sights,  which  are  some- 
times made  to  turn  down  upon  an  hinge,  in  order 
to  lessen  the  bulk  of  the  instrument,  and  render  it 
more  convenient  for  carnage ;  sometimes  they  are 
ipade  to  slide  on  and  off  with  a  dovetail,  sometimes 
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to  fit  on  with  a  screw  and  two  steady  pins.  2*  In 
the  box,  which  in  some  instruments  has  a  brass 
cover,  and  very  often  a  spring  is  placed  within  the 
box  to  throw  the  needle  oft' the  centre  pin.  and  press 
the  cap  close  against  the  glass,  to  preserve  the  point 
of  the  centre  pin  from  being  blunted  by  the  conti- 
nual friction  of  the  cap  of  the  needle.  3.  Iji  tho 
needle  itself,  which  is  made  of  different  forms.  4. 
A  further  variation,  and  for-  the  best,  will  be  no- 
ticed under  the  account  of  the  improved  circum* 
ferentor. 

The  surveying  com|mss  represented  ^tjig.  '^^  plate 
15,  isaspeciesof  circumferentor,  which  has  hitherto 
been  only  applied  to  military  purposes  ;  it  consists  of 
a  square  box,  within  which  there  is  a  brass  circle 
divided  into  36o  degrees ;  in  the  centre  of  tlie  box  is  a 
pin  to  support  a  magnetic  needle;  a  telescope  is  fixed 
to  one  side  of  tlie  box,  in  such  a  manner  as  to  be 
parallel  to  the  north  and  south  line ;  the  telescope 
has  a  vertical  motion  for  viewing  objects  in  an  in- 
clined plain ;  at  the  bottom  of  the  box  is  a  socket  to 
receive  a  stick  or  staff  for  supporting  the  instrument* 

To  use  the  circumferentor.  Let  ABC,  Fig.  19> 
plate  Qi  be  the  angle  to  be  measured.  1.  The  in- 
strument being  fixed  on  the  staff,  place  its  centre 
over  the  point  B.  2.  Set  it  horizontal,  by  moving 
the  ball  in  its  socket  till  the  needle  is  parallel  to  the 
bottom  of  the  compass  box.  3.  Turn  that  end  of 
-the  compass  box,  on  which  the  N.  or  fleur  de  lis  is 
engraved,  next  the  eye.  4.  Look  along  B  A,  and 
observe  at  what  degree  the  needle  stands,  suppose 
30.  5.  Turn  tlie  instrument  round  upon  the  pin  of 
the  t)all  and  socket  till  you  can  see  the  object  C,  and 
suppose  the  needle  now  to  stand  at  125.  6.  Take 
the  former  number  of  observed  degrees  from  the 
latter,  and  the  remainder  95  is  the  required  angle. 

If,  in  two  observations  to  find  the  measure  of  an 
angle,  the  needle  points  in  the  first  on  one  side  36o^, 
and  in  the  second  on  the  other^  add  what  one  wantf 
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of  36o^  to  what  the  other  is  past  36o^,  and  the  sum 
is^  the  required  angle. 

This  general  idea  of  the  use  of  the  circumferentor, 
it  is  presumed,  will  be  sufficient  for  the  present ;  it 
Mfill  be  more  particularly  treated  of  hereafter. 

When  in  the  use  of  the  circumferentor,  you  look 
through  the  upper  sights,  from  the  end  of  the 
station  to  the  beginning,  it  is  called  a  back  sight ;  but 
when  you  look  through  the  lower  slit  from  the  be- 
ginning of  the  station  towards  the  end,  it  is  termed 
the  fore  sight.  A  theodolite,  or  any  instrument 
which  is  not  set  by  the  needle^  must  be  fixed  in  its 
place,  by  taking  back  and  fore  sights  at  every  station, 
for  it  is  by  the  foregoing  station  that  it  is  set  parallel ; 
but  as  the  needle  preserves  its  parallelism  throughout 
the  whole  survey,  whosoever  works  by  the  circum- 
ferentor, need  t^ke  no  more  than  one  sight  at  every 
station. 

There  is,  indeed,  a  difference  between  the  mag* 
netic  and  astronomic  or  true  meridian,  which  is 
called  the  variation  of  the  needle.  This  variation  is 
difierent  at  different  places,  and  is  also  different  at 
different  times;  this  difference  in  the  variation  is 
called  the  variatiqn  of  the  variation  ;  but  tlie  increase 
and  decrease  therjeof,  both  with  respect  to  time  and 
place,  proceeds  by  such  very  small  increments  or  de- 
crements, as  to  be  altogether  insignificant  and  in* 
sensible,  within  the  small  limits  of  an  ordinary  sur- 
vey, and  the  short  time  required  for  the  performance 
thereof.*     See  Cavallo  on  Magnetism,  1800. 

*  The  present  variation,  or,  more  properly,  the  declination  of 
the  needle,  is  near  S^^**  W.of  the  nortn,  at  London  ;  or  2j- point* 
in  general  may  be  allowed  on  an  instrument  to  the  E.  to  nx  the 
just  meridian.  Its  indination,  or  dip,  was  about  72*  of  the  north 
pole  below  the  horizon  in  the  year  1775.  The  inclination,  as  well 
as  the  declination  of  tl^e  needle,  is  found  to  be  continually  varying; 
and,  from  the  observations  and  hypotheses  hitherto  made,  not  to 
develope  any  law  by  which  its  position  can  be  determined  for  any 
future  time.  October  1812,  exact  variatioji  at  I^ondon  i^ras  24* 
16'  80^'  W.      Edit. 
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OF  THE   IMPROVED   CIRCUMFERENTOR. 

The  excellency  and  defects  of  the  preceding  in* 
fitrumcnt  both  originate  in  the  needle ;  from  the  re^ 
gular  direction  thereof,  arise  all  its  advantages  ;  the 
unsteadiness  of  the  needle,  the  difficulty  of  ascer- 
taining with  exactness  the  point  at  which  it  settles, 
are  some  of  its  principal  defects.  In  this  improved 
constructiop  these  are  obviated,  as  will  be  evident 
from  the  following  description.  OnejDf  these  instru^ 
ments  is  represented  ztjig.  2,  plate  15. 

A  pin  of  about  three  quarters  of  an  inch  diameter 
goes  through  the  middle  of  the  box,  and  forms  as  it 
wpre  a  vertical  a.vis^  on  which  the  instrument  may 
be  turned  round  horizontally;  on  this  axis  an  index 
AB  is  fastened,  moving  in  the  inside  of  the  box, 
having  a  nonius  on  the  outer  end  to  cut  and  subdi- 
vide the  degrees  on  the  graduated  circle.  By  the 
help  of  this  index,  angles  may  Jbe  taken  with  much 
greater  accuracy  than  by  the  needle  alone;  and,  as 
an  angle  may  be  ascertained  by  the  index  with  or 
M^ithout  the  needle,  it  of  course  removes  the  difficul- 
ties, which  would  otherwise  arise  if  the  needle  should 
at  any  time  happen  to  be  acted  upon,  or  drawn  out 
of  its  ordinary  position  by 'extraneous  matter :  there 
is  a  pin  beneath,  whereby  the  index  maybe  fastened 
temporarily  to  the  bottom  of  the  box,  and  a  screw, 
as  usual,  to  fix  the  whole  occasionally  to  the  pin  of 
the  ball  and  socket,,  so  that  the  body  of  the  instru- 
ment, and  the  index,  may  be  cither  turned  round 
together,  or  the  one  turned  round,  and  the  other  re- 
main fixed,  as  occasion  shall  require.  A  further  im- 
provement is  that  of  preventing  all  horizontal  motion 
of  the  ball  in  the  socket;  the  ball  has  a  motion  in  the 
socket^  every  possible  motion  is  necessary,  except 
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the  horizontal  one^  which  is  here  totally  destroyed, 
and  every  other  possible  motion  left  perfectly  free.* 

GENERAL   IDEA   OF  THE    USE   OF  THESE 

INSTRUMENTS. 

For  this  purpose,  let^^.  1,  plate  18,  represent  a 
field  to  be  surveyed.  1 .  Set  up  the  circumferentor 
at  any  comer,  as  at  A,  and  therewith  take  the  course 
or  bearing,  or  the  angle  that  such  a  line  makes  with 
the  magnetic  meridian  shewn  by  the  needle,  of  the 
side  A  B,  and  measure  the  length  thereof  with  the 
chain. 

If  the  circumferentor  be  a  common  one,  having 
no  index  in  the  box,  the  course  or  bearing  is  taken 
by  simply  turning  the  sights  in  a  direct  line  from  A 
to  B,  and  when  the  needle'  settles,  it  will  point  out 
on  the  graduated  limb  the  course  or  number  of  de- 
grees which  the  line  bears  from  the  magnetic  me- 
ridian. 

But  if  the  circumferentor  has  an  index  in  the  box, 
it  is  thus  used.  1 .  Bring  the  index  to  the  north 
point  on  the  graduated  limb,  and  fix  it  there,  by 
fastening  the  body%f  the  instrument  and  the  under 
part  together  by  the  pin  for  that  purpose,  and  turn 
the  instrument  about  so  that  the  needle  shall  settle  at 
the  same  point;  then  fasten  the  under  part  of  the 
instrument  to  the  ball  and  socket,  and  taking  the  pin 
out,  turn  the  sights  in  a  direct  line  from  A  towards 
B,  so  will  the  course  and  bearing  be  pointed  out  on 
the  graduated  circle,  both  by  the  needle  and  by  the 

*  The  instrument  is  made  to  turn  into  a  vertical  position,  and 
by  the  addition  of  a  spirit  level  to  take  angles  of  altitudes  and 
depressions.  The  inaex  A  B  has  been  found  to  interfere  too 
much  with  the  free  play  of  the  needle.  In  the  year  1791 ,  I  con* 
trived  an  external  nonius  piece  a,  ^g.  6,  to  move  against  and 
round  the  graduated  circle  b^  either  with  or  without  racic<work 
and  pinion.  The  circle  and  compass  plate  are  tixed,  and  the 
fioaius  piece  and  outside  rim  and  sights  carried  rouud  together 
when  in  use.  This  has  been  generally  approved  of,  sad  preferred 
by  surveyors.    Epix. 
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index.  Tliis  done,  fasten  the  body  of  the  instru- 
ment to  the  under  part  again,  and  having  set  the  in- 
strument up  at  B,  turn  the  sights  in  a  direct  line 
back  from  B  to  A,  and  th^re  fasten  the  under  part  of 
the  instrument  to  the  ball  and  socket ;  then  talce  out 
the  pin  which  fastens  the  body  of  the  instrument  to 
the  under  part,  and  turn  the  sights  in  a  direct  line 
towards  C,  and  proceed  in  the  same  manner  all  round 
the  survey ;  so  will  the  courses  or  bearings  of  the 
several  lines  be  pointed  out  both  by  the  needle  and  the 
index,  unless  the  needle  should  happen  to  be  drawn 
out  of  its  course  by  extraneous  matter ;  but,  in  this 
case,  the  index  will  not  only  shew  the  course  or  bear- 
ing, but  will  Hkewise  shew  how  much  the  needle  is 
so  drawn  aside.  After  this  long  digression  to  explain 
more  minutely  the  use  of  the  instruments,  we  may 
proceed.  2.  Set  the  circumfercntor  up  at  B,  take 
the  course  and  bearing  of  B  C,  and  measure  the 
length  thereof,  and  so  proceed  with  the  sides  C  D, 
D  E,  E  F,  F  G,  G  A,  all  the  way  round  to  the  place 
of  beginning,  noting  the  several  courses  or  bearings^ 
and  the  lengths  of  the  several  sides  in  a  field-booki 
which  let  us  suppose  to  be  as  tbt  following  : 

Q'    i  Ch«     Lf* 

1.  AB   North     7         West  21.  00. 

2.  BC   North  55  15  East    18.  20. 
8.  CD  South   62  30  East    14.  40. 

4.  D£  South  40        West  11. 

5.  EF  South      4  15  East  14. 

6.  F  G  North  73  45  West  12.  40. 

7.  GA  South    52        West  9.  17. 

N.  B.  By  north  7°  w^est,  is  meant  seven  degrees 
to  the  westward,  or  left  hand,  of  the  north,  as  shewn 
by  the  needle;  by  north  55^  15'  east,  fifty-five  de- 
grees fifteen  minutes  to  the  eastward,  or  right  hand 
of  the  north,  as  shewn  by  the  needle. 

In  like  manner  by  south  62^  30^  east,  is  meant 
^ixty-two  degrees  and  thirty  minutes  tSo  the  eastward, 
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or  left  hand  of  the  south  ;  and  by  south  40^  west^ 
forty  degress  to  the  westward^  or  right  hand  of  the 
south. 

The  21  chains^  18  chains  20  links^  &c.  are  the 
lengths  or  distances  of  the  respective  sides  as  mea- 
sured by  the  chain. 

fig.  4j  plate  1 5,  represents  a  small  circumferentor^ 
or  theodolite ;  it  is  a  kind  that  was  much  used  by 
General  Roj/y  for  delineating  the  smaller  parts  of  a 
survey.  The  diameter  is  4  inches.  It  is  better  to 
have  the  sight  pieces  double^  as  shewn  in  ^g.  2. 

OF  THE   COMMON  THEODGLrfE. 

The  error  to  which  an  instrument  is  liable^  where 
the  whole  dependence  is  placed  on  the  needle^  soon 
rendered  some  other  invention  necessary  to  measure 
angles  with  accuracy }  among  these^  the  common 
th^xlolite,  with  four  plaiit  sights^  took  the  lead^  be- 
ingsimple  in  construction,  and  easy  in  use. 

The  common  theodolite  is  represented  Jig.  S, 
plate  1 4 ;  it  consisfs  of  a  brass  graduated  circle,  and 
a  moveable  index  A  B  ;  on  the  top  of  the  index  is  a 
compass  with  a  magnetic  needle,  the  compass  box 
is  covered  with  a  glass,  two  sights,  C,  D,  are  fixed 
to  the  index,  one  at  each  end,  perpendicular  to  the 
plain  of  the  instrument.  There  are  two  more  sights 
^  F,  which  are  fitted  to  the  graduated  circle  at  the 
points  of  86o^  and  ISO^;  they  all  take  on  and  off 
for  the  eonvcniency  of  packing.  In  each  sight 
there  is,  as  in  the  circumferentor,  a  laree  and  a 
small  aperture  placed  alternately,  the  large  aper* 
ture  in  one  sight  being  always  opposed  to  the  nar- 
row aperture  in  the  other;  underneath  the  brass 
circle,  and  in  the  centre  thereof,  is  a  sprang  to  fit  on 
the  pin  of  the  ball  and  socket,  which  fixes  on  a 
three-legged  staff. 

The  circle  is  divided  into  degrees,  which  are  all 
numbered  one  way  to  36o^,  usually  from  the  ie£t  to 
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the  right,  supposing  yourself  at  the  centre  of  tlie 
instrument ;  on  the  end  of  the  index  is  a  nonius  di- 
vision, by  which  the  degrees  on  the  limb  are  subdi- 
vided to  three  minutes ,  the  divisions  on  the  ring  of 
the  compass  box  are  numbered  in  a  contrary  direc- 
tion to  those  of  the  limb. 

As  much  of  geometrical  mensuration  depends  on 
the  accuracy  of  the  instrument,  it  behoves  every 
surveyor  to  examine  them  carefully ;  different  me- 
thods will  be  pointed  out  in  this  work,  according  to 
the  nature  of  the  respective  instruments.  In  that 
under  consideration,  the  theodoHte  should  move  re- 
gularly when  in  use ;  the  index  should  always  be 
placed  truly  horizontal,  otherwise  the  angles  mea- 
sured by  it  will  not  be  true  ;  of  this  position  you 
may  judge  with  sufficient  accuracy  by  the  needle, 
for  if  this  be  originally  well  balanced,  it  will  not  be 
parallel  to  the  compass  plate^  unless  the  instrument 
be  horizontal;  two  bubbles,  or  spirit  levels,  are 
sometimes  placed  in  a  compass  box  at  right  angles 
to  each  other,  in  order  to  level  the  instrument,  but 
it  appears  to  me  much  better  to  depend  on  the 
needle :  1 .  Because  the  bubbles,  from  their  smallness, 
are  seldom  accurate.  2.  Because  the  operator  can- 
not readily  adjust  them,  or  ascertain  when  they  indi- 
cate a  true  level. 

To  examine  th?  instrument ;  on  an  extensive  plain 
set  three  marks  to  form  a  triangle ;  with  your  theodo- 
lite take  the  three  angles  of  this  triangle,  and  if  these, 
when  added  together,  make  180°,  you  may  be  cer- 
tain of  the  justness  of  your  instrument. 

To  examine  the  needle ;  observe  accurately  where 
the  needle  settles,  and  then  remove  it  from  that 
situation,  by  placing  a  piece  of  steel  or  magnet  near 
it :  if  it  afterwards  settles  at  the  same  point,  it  is  so 
far  right,  and  you  may  judge  it  to  be  perfectly  so, 
if  it  settles  properly  in  all  situations  of  the  box.  If 
in  any  situation  of  the  box  a  deviation  is  observed, 
the  error  is  most  probably  occasioned  by  sonae  par- 
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ticies  of  steel  in  the  metal^  of  which  the  compass  box 
is  made. 

To  examine  the  graduations ;  set  the  index  divi- 
sion of  the  nonius  to  the  beginning  of  each  degree 
of  the  theodolite,  and  if  the  last  division  of  the  no- 
nius always  terminates  precisely,  at  each  application, 
with  its  respective  degree,  then  tlie  divisions  are 
accurate. 

Cautions  in  the  use  of  the  instrument 4  1 .  Spread 
the  legs  that  support  the  theodolite  rather  wide, 
and  thrust  them  firmly  into  the  ground,  that  they 
may  neither  yield,  nor  give  unequally  during  the 
observation.  2.  Set  the  instrument  horizontal* 
3.  Screw  the  ball  firmly  in  its  socket,  that,  in  turn- 
ing the  index,  the  theodolite  may  not  vary  from 
the  objects  fc  which  it  is  rlirected.  4.  Where  ac- 
curacy is  required,  the  angles  should  always  be  taken 
twice  over,  oftener  where  great  accuracy  is  material, 
and  the  mean  of  the  obsei-vation  must  be  taken  foi* 
the  true  angle.  •  ' 

To  measure  an  angle  xvith  the  theodolite.  Let 
A  B,  B  C,  fig.  \  9,  plate  9,  represent  two  station 
lines;  place  the** theodolite  over  the  angular  point, 
and  direct  the  fixed  sights  along  one  of  the  lines, 
till  you  see  through  the  sights  the  mark  A ;  at  this 
screw  the  instrument  fast ;  then  turn  the  moveal^le 
index,  till  through  its  sights  you  see  the  other 
mark  C ;  then  the  degrees  cut  by  the  index  upon  the 
graduated  limb,  or  ring  of  the  instrument,  shew  the 
quantity  of  the  angle. 

The  fixed  sights  are  always  to  be  directed  to  the 
last  station,  and  those  on  the  index  to  the  next.  If 
the  beginning  of  the  degrees  are  towards  the  sur- 
veyor, when  the  fixed  sights  are  directed  to  an  ob- 
ject, and  the  figured  or  N.  point  towards  him  in  di- 
recting the '  index,  then  that  end  of  the  index  to- 
wards the  surveyor  will  point  out  the  angle,  and 
the  south  end  of  tlie  needle  the  bearing ;  the  ap- 
plication of  the  instrument  to  various   cases  that 
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may  occur  in  surveying,  will  be  evident  froni  what 
we  shall  say  on  that  subject  in  the  courseof  this 
work. 

OF  THE   COMMON   PLAIN   TABLE,  Jf^.  1,  plate  17. 

The  tabular  part  of  this  instrument  is  usually 
made  of  two  well  seasoned  boards,  forming  a  paral- 
lelogram of  about  15  inches  long,  and  12  inches 
broad ;  the  size  is  occasionally  varied  to  suit  the  in- 
tentions of  the  operator. 

The  aforesaid  parallelogram  is  framed  with  t 
ledge  on  each  side  to  support  a  box  frame,  which 
frame  confines  the  paper  on  the  table,  and  keeps  it 
close  thereto  ;  the  frame  is  therefore  so  contrived, 
that  it  may  be  taken  off  and  put  on  at  pleasure, 
either  side  upwards.  Each  side  of  the  frame  is 
graduated ;  one  side  is  usually  divided  into  scales 
of  equal  parts,  for  drawing  hnes  parallel  or  per- 
pendicular to  the  edges  of  the  table,  and  also  for 
more  conveniently  shifting  the  paper ;  the  other 
face,  or  side  of  the  frame,  is  divided  into  360*,  from 
a  brass  centre  in  the  middle  of  the  table^  in  order 
that  angles  may  be  measured  as  with  a  theodolite ; 
on  the  same  face  of  the  frame,  and  on  two  of  the 
edges,, are  graduated  180°;  the  centre  of  these 
degrees  is  exactly  in  the  middle  between  the  two 
ends,  and  about  -i^th  part  of  the  breadth  from  one 
of  the  sides. 

A  magnetic  needle  and  compass  box,  covered 
with  a  glass  and  spring  ring,  slides  in  a  dovetail  on 
the  under  side  of  the  table,  and  is  fixed  there  by  a 
finger  screw;  it  serves  to  point  out  the  direction,  and 
be  a  check  upon  the  sights. 

There  is  also  a  brass  index  somewhat  longer  than 
the  diagonal  of  the  table,  at  each  end  of  which  a  sight 
is  fixed;  the  vertical  hair,  and  the  middle  of  the  edge 
of  the  index,  are  in  the  same  plain ;  this  edge  is 
chamfered^  and  is  ustially  called  the  fiducial  edge  of 


^  ihAtt.    Scales  of  difierrat  parts  in  an  inch  are 
usually  laid  down  on  one  side  of  the  index. 

Under  the  table  is  a  sprang  to  fit  on  the  pin  of 
the  ball  and  sot^ket,  by  which  it  is  placed  upon  a 
three  legged  staiT. 

To  place  the  paper  on  the  table.  Take  a  sheet  of 
paper  that  will  cover  it,  and  wet  it  to  make  it  ex- 
pand, then  spread  it  flat  upon  the  table,  pressing 
down  the  frame  upon  the  edges  to  stretch  it,  and 
keep  it  in  a  fixed  situation ;  when  the  paper  is  dry  it 
will  by  contracting  become  smooth  and  flat. 

To  shift  the  paper  on  a  plain  table.  When  the 
paper  on  the  table  is  full,  and  there  is  occasbn  for 
more,  draw  a  line  in  any  manner  through  the  far- 
thest point  of  the  last  station  line,  to  which  the  work 
can  be  conveniently  laid  down ;  then  take  off"  the 
sheet  of  paper,  and  fix  another  on  the  table ;  draw 
a  line  upon  it  in  a  part  most  convenient  for  the  rest 
of  the  work ;.  then  fold,  or  cut  the  old  sheet  of 
paper  by  the  jine  drawn  on  it,  apply  the  edge  to  the 
line  on  the  new  sheet,  and,  as  they  lie  in  that  posi*- 
tion,  continue  the  last  station  line  upon  the  new 
paper,  placing  upon  it  the  rest  of  the  measures,^ be^ 
ginning  where  the  old  sheet  left  o?t,  and  so  on  frond 
sheet  to  sheet. 

To  fasten  all  the  sheets  of  paper  together,  and 
thus  form  one  rough  plan,  join  the  aforesaid  lines 
accurately  together,  in  the  same  manner  as  when 
the  Knes  were  transferred  from  the  old  sheets  to 
the  new  one.  But  if  the  joining  lines  upon  th6 
old  and  new  sheets  have  not  the  same  inclination  to 
the  side  of  the  table,  the  needle  will  not  point  to 
the  original  degree  when  the  •  table  is  rectified.  If 
the  needle  therefore  should  respect  the  same  degree 
of  the  compass,  the  easiest  way  of  drawing  the  line  in 
the  same  position  is  to  draw  them  both  parallel  to 
the  same  sides  of  the  table,  by  means  of  the  scales  di 
equal  parts  on  the  two  sides. 

To  utse  the  plain  table.  Fix  it  at  a  convenient  part 
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of  the  ground,  and  make  a  point  on  the  paper  to  re« 
present  that  part  of  the  ground. 

Run  a  fine  steel  pin  or  needle  through  this  point 
into  the  table,  against  which  you  must  apply  tlie 
fiducial  edge  of  the  index,  moving  it  round  till  you 
perceive  some  remarkable  object,  or  mark  set  up  for 
that  purpose.  Then  draw  a  line  from  the  station 
point,  along  the  fiducial  edge  of  the  index. 

Now  set  the  sights  to  another  mark,  or  object,  and 
dmw  that  station  line,  and  so  proceed  till  you  have 
obtained  as  many  angular  lines  as  are  necessary  from 
this  station. 

The  next  requisite,  is  the  measure  or  distance  from 
the  station  to  as  many  objects  as  may  be  necessary 
by  the  chain,  taking  at  the  same  time  the  offsets  to 
the  required  corners  or  crooked  parts  of  the  hedges; 
setting  off  all  the  measures  upon  their  respective  lines 
upon  the  table. 

Now  remove  the  table  to  some  other  station, 
whose  distance  from  the  foregoing  v/as  previously 
measured ;  then  lay  down  the  objects  which  ap- 
pear from  thence,  and  continue  these  operations  till 
your  work  is  finished,  measuring  such  lines  as  arc 
ntcessary,  and  determining  as  many  as  you  can  by 
intersecting  lines  of  direction,  drawn  from  different 
stations. 

It  seems  to  he  the  universal  opinion  of  the  best 
surveyors,  that  the  plain  table  is  not  an  instrument 
to  be  trusted  to  in  large  surveys,  or  on  hilly  situa- 
tions; that  it  can  only  be  used  to  advantage  in  plan- 
ning tlie  ground  plot  of  buildings,  gardens,  or  a  few 
small  parcels  of  land  nearly  on  a  level. 

Mr.  Gardner,  whose  authority  as  a  surveyor  is  in- 
ferior.  to  no  one,  asserts,  that  the  plain  table  survey- 
ors, when -they  find  their  work  not  to  close  right,  do 
often  close  it  wrong,  not  only  to  save  time  and  la- 
bour, but  the  acknowledgement  of  an  error ;  which 
they  are  not  sure  they  can  amend. 

In  uneven  ground,  where  the  table  cannot  in  all 
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Stations  be  set  horizontal^  or  uniformly  in  any  one 
place,  it  is  impossible  the  work  should  be  true  in  all 
parts. 

The  contr^iction  and  expansion  of  the  paper  ac- 
cording to  the  state  of  moisture  in  the  air,  is  a  source 
of  many  errors  in  plotting;  for  between  a  dewy 
morning  and  tlie  heat  of  the  sun  at  noon,  there  is  a 
great  difference,  which  may  in  some  degree  be  al- 
lowed for  in  small  work,  but  cannot  be  remedied  in 
surveys  of  considerable  extent. 

OF  THE    IMPROVEI>   PLAIN   TABLE,  ^^.  2y  plate  1?. 

To  remedy  some  of  the  inconveniences,  and 
correct  some  of  the  errors  to  which  the  common 
plain  table  is  liable^  that  which  we  are  now  going 
lo  describe  has  been  constructed.  It  is  usually 
called  Beightons  plain  table,  though  differing  in 
many  respects  from  'that  described  by  IVim  in  the 
Philosophical  Transactions. 

It  is  a  plain  board,  l6  inches  square,  with  a  frame 
of  box  or  brass  round  the  edge,  for  the  purpose  of 
being  graduated.  On  the  sides,  A  B,  C  D,  ar^  two 
grooves  and  holdfasts  for  confining  firmly,  or  easily 
removing  the  paper ;  they  are  disengaged  by  turn- 
ing the  screws  under  the  table  from  the  right  to- 
wards the  left,  and  drawn  down  and  made  to  press 
on  the  paper  by  turning  the  screws  the  contrary 
wav.  When  the  holdfasts  are  screwed  down,  their 
surface  is  even  with  that  of  the  table/  There  are 
two  pincers  under  the  table,  to  hold  that  part  of 
the*  paper,  which  in  some  cases  lies  beyond  the 
table,  and  prevent  its  flapping  about  with  the  wind. 

The  compidss  box  is  made  to  fit  either  side  of  the 
table,  and  is  fixed  by  two  screws,  and  does  not, 
when  fixed,  project  above  one  inch  and  an  half 
irom  the  side  of  the  table. 

There  is  an  index  with  a  semicircle^  and  telescopic 
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sights  E  F  G ;  it  is  sometimes  so  oonstrocted^  as  tof 
answer  the  purpose  of  a  parallel  rule.  The  figure 
renders  the  whole  so  evident^  that  a  greater  detail 
would  be  superfluous. 

The  papers,  or  charts  for  this  table,  are  to  be  eitlier 
of  fine  thin  pasteboard,  fine  paper  pasted  on  cartridge 
paper,  or  two  papers  pasted  together,  cut  as  square 
as  possible,  and  of  such  a  length  that  they  may  slide 
in  easily,  between  the  upright  parts,  and  under  the 
flat  part  oC  the  holders. 

Any  one  of  these  charts  may  be  put  into  the  table 
at  any  of  the  four  sides,  be  fixed,  taken  out,  and 
changed  at  pleasure;  any  two  of  them  may  be  joined 
together  on  the  tabic,  by  making  each  of  them  meet 
exactly  at  the  middle,  whilst  near  one  half  of  each 
will  hang  over  the  sides  of  the  table ;  or,  by  doubling 
them  both  ways  through  the  middle,  four  of  them 
may  be  put  on  at  one  time  meeting  in  the  centre  of 
the  table.  For  this  purpose,  each  chart  is  always 
to  be  crossed  through  the  middle ;  by  these  means 
the  great  trouble  and  inaccuracy  in  shifting  the  pa- 
pers is  removed. 

The  charts  thus  used  are  readily  laid  together  by 
corresponding  numbers  on  their  edges,  and  thus 
make  up  the  whole  map  in  one  view ;  and,  being  in 
squares,  are  portable,  easily  copied,  enlarged^  or 
contracted. 

The  line  of  sight  in  viewing  objects  may,  if  that 
method  be  preferred,  be  always  over  the  centre  of 
the  table,  and  the  station  lines  drawn  parallel  to 
those  measured  on  the  land.  Underneath  the  table 
is  a  sprang  to  fit  on  the  socket  of  a  stafl^  with  paral-* 
]el  plates  and  adjusting  screws. 

Mr.  Searle  contrived  a  plain  table,  whose  size 
(which  renders  it.  convenient,  while  it  multiplies 
every  error)  is  only  five  inches  square,  and  consists 
of  two  parts,  the  table  and  the  frame ;  the  frame, 
as  usual^  to  tighten  the  paper  observed  upon.     In 
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the  centre  of  the  table  is  a  screw,  on  which  the  in- 
dex sight  turns ;  this  screw  is  tightened  after  taking 
an  observation. 
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In  proportion  as  science  advances,  we  tind  our- 
selves standing  upon  higher  ground,  and  are  ena* 
bled  to  see  further,  and  distinguish  objects  better 
than  those  that  went  before  us  :  thus  the  great  ad- 
vances in  dividing  of  instruments  have  rendered  ob. 
servers  more  accurate,  and  more  attentive  to  the  ne- 
cessary adjustments  of  their  instruments.  Instru- 
ments are  not  now  considered  as  perfect,  unless  they 
are  so  constructed,  that  the  person  who  uses  them 
may  either  correct,  or  allow  for  the  errors  to  which 
they  are  liable. 

Theodolites  with  telescopic  sights  are,  without 
doubt,  the  most  accurate,  commodious,  and  uni- 
versal instruments  for  the  purposes  of  surveying, 
and  have  been  recommended  as  such  by  the  most 
expert  practitioners  and  best  writers  on  the  subject 
as  Gardiner^  Hammond^  Cunn^  Stone,  fVjfld,  Wad^ 
dington,  &c. 

The  leading  requisites  in  a  good  theodolite  are^ 
1 .  That  the  parts  be  firmly  connected,  so  that  they 
may  always  preserve  the  same  figure.  2.  The  circles 
must  be  truly  centred  and  accurately  graduated. 
3.  The  extremity  of  the  line  of  sight  should  describe 
a  true  circle. 

Pig'  ^i  plate  l6,  represents  a  theodolite  of  the 
second  best  kind  ;  the  principal  parts  ane,  1  •  A  te- 
lescope and  its  level,  C,  C,  D.  2.  The  vertical 
arc,  B  B.  3.  The  horizontal  limb  and  compass^ 
A  A.  4.  The  staff  with  its  parallel  plates,  £.  The 
limb  A  A  is  generally  made  about  six  or  seven  inches 
in  diameter. 

An  attentive  view  of  the  instrument,  or  drawing, 
eoizipaved  with  what  has  been  said  be£3re^  will  shew 
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that  {ts  perfect  adjustment  consists  in  the  following 
pailiculars. 

1 .  The  horizontal  circle  A  A  must  be  truly  level. 
2.  The  plain  of  the  vertical  circle  B  B  must  be  truly 
perpendicular  to  the  horizon.  3.  Tlje  line  of 
sight,  or  line  of  coUimation,*  must  be  exactly  in 
the  centre  of  the  circles  on  which  the  telescope 
turns.  4.  The  level  must  be  parallel  to  the  line  of 
collimation. 

Of  the  telescope  C  C.     Telescopic  sights  not  only 
enable   the  operator  to  distinguish  objects  better, 
but  direct  the   sight  with  much  greater  accuracy 
than  is  attainable  with  plain  sights ;  hence  also  we 
can  make  use  of  much  finer  subdivisions.     The  te- 
lescope generally  applied  to  the  best  instruments, 
is  of  the  achromatic  kind,  in  order  to  obtain  a  larger 
field,  and  greater  degree  of  magnifying  power.     In 
the  focus  of  the  eye-glass  are  two  very  fine  h^rs, 
or  wires,  at  right  angles  to  each  other,  whose  in- 
tersection is  in  the  plain  of  the  vertical  arc.     The 
object  glass   may  be  moved   to  different  distances 
from  the  eye-glasses,  by  turning  the  milled  nut  a, 
and  may  by  this  means  be  accommodated  to  the  eye 
of  the   observer,    and  the   ^^stance  of  the   object. 
The  screws  for  moving  and  adjusting  the  cross  hairs 
are  sunk  a  little  within  the  eye  tube,  and  at  about 
one  inch  from  the  eye  end :  there  are  four  of  these 
screws,  two  of  which  are  exactly  opposite  to  each 
other,  and  at  right  angles  to  the  other  two.     By 
easing  one  of  the  screws,  and   tightening  the  op- 
posite one,   the   wire   connected  with    it  may   be 
moved  in  opposite  directions.     On  the  outside  of 
the    telescope    are   two    metal   rings,    which   are 
ground  perfectly  true ;  these  rings  ar^  to  lay  on  the 
supporters  c,  e,  called  Y's,  which  are  fixed  to  the 
vertical  arc. 

•  The  line  of  collimation  is  the  line  of  vision,  cut  by  the  inter- 
secting point  of  the  cross  hairs  in  the  telescope,  answering  to  the 
yisual  line,  by  which  we  directly  point  at  objects  with  plain  sights. 


^■^ 
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Of  the  vertical  arc  B  B.  This  arc  is  firmly  fixed 
to  a  long  axis  which  is  at  right  angles  to  the  plain 
of  the  arc.  This  axis  is  sustained  bv,  and  move- 
able  on  the  two  supporters,  which  are  fixed  firmly 
to  the  horizontal  plate:  on  the  upper  part  of  the 
vertical  arc  are  the  two  Y*s,  for  holding  the  tele- 
scope ;  the  inner  sides  of  these  Y's  are  so  framed, 
as  to  be  tangents  to  the  cylindric  rings  of  the  te- 
lescope, and  therctbre  bear  only  on  one  part.  The 
telescope  is  confined  to  the  Vs  by  two  loops, 
which  turn  on  a  joint,  and  may  therefore  be  readily 
opened  and  turned  back,  when  the  two  pins  are 
taken  out. 

One  side  of  the  vertical  arc  is  graduated  to  every 
half  degree,  which  are  subdivided  to  every  minute 
of  a  degree  by  the  nonius.  It  is  numbered  each 
way  from  0  to  90°,  towards  the  eye  end,  for  angles 
of  altitude,  from*  O  to  50°,  towards  the  object  end, 
for  angles  of  depression.  On  the  other  side  of  the 
vertical  arc  are  two  ranges  of  divisions,  the  lower- 
most for  taking  the  upright  height  of  timber  in 
100th  parts  of  the  distance  the  instrument  is  placed 
at  from  the  tree  at  the  time  of  observation.  The 
uppermost  circle  is  for  reducing  hypothenusal  lines 
to  horizontal,  or  to  shew  the  difference  between  the 
hypothenuse  and  base  of  a  right-angled  triangle,  al- 
ways supposing  the  hypothenuse  to  consist  of  100 
equal  parts  ;  consequently,  it  gives  by  inspection 
the  number  of  links  to  be  deducted  from  %zt\i 
chain's  lengthy  in  measi)ring  up  or  down  any 
ascent  or  descent,  in  order  to  reduce  it  to  a  true 
horizontal  distance,  similar  to  those  on  King's  qua-' 
drant,  p.  197. 

The  verticjfl  arc  is  cut  with  teeth,  or  a  rack,  and 
may  be  moved  regularly  and  with  ease,  by  turning 
the  milled  nut  b ;  there  is  sometimes  placed  about 
the  nonius  a  steady  pin,  by  which  it  may  be  fixed 
when  at  the  o,  or  zero  point  of  the  divisions. 

Of  the  compass.    The  compass  is  fixed  to  the 
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upper  horiaK>ntal  plate  ;  the  ring  of  the  compass  is 
divided  into  36o^  whieh  are  numbered  in  a  direction 
contrary  to  those  on  the  horizontal  limb.  The  bot- 
tom of  the  box  is  divided  into  four  parts^  or  quad- 
rants, each  of  which  i?  subdivided  to  every  10  de-^ 
grees,  numbered  from  the  meridian^  or  north  and 
south  points  each  way  to  the  east  and  west  points. 
In  the  middle  of  the  box  is  a  steel  pin  finely  pointed^ 
CD  which  is  placed  the  magnetic  needle ;  there  is  a 
wire  trigger  for  throwing  the  needle  off  its  point 
^en  not  in  use. 

Of  the  horizontal  limb  A  A.  This  limb  consists  of 
two  plates^  one  moveable  on  the  other,  the  outside 
edge  of  the  upper  plate  is  chamfered,  to  serve  as  an 
index  to  the  degrees  on  the  lower.  The  upper  plate, 
together  with  the  compass,  vertical  arc^  and  tele- 
scope, are  easily  turned  round  by  a  pinipn  fixed 
to  the  screw  c ;  d  is  a  nut  for  fixing  the  index  to  any 
part  of  the  limb,  and  thereby  making  it  so  secure, 
that  there  is  no  danger  of  its  beii^g  moved  out  of  its 
place,  while  the  instrument  is  removed  from  one  sta- 
tion to  another.  The  horizontal  limb  is  divided  to 
half  degrees,  and  numbered  from  the  right  hand  tor- 
wards  the  left,  10,  SO,  30,  &c.  to  360;  the  divi- 
sions are  subdivided  by  the  nonius  scale  to  every 
minute  of  a  degree. 

On  the  upper  plate,  opposite  to  the  nonius,  are  a 
few  divisions  similar  to  those  on  the  vertical  arc, 
giving  the  1  OOth  parts  for  measuring  the  diameter  of 
trees,  buildings,  &c. 

The  whole  instrument  fits  on  the  conical  ferril  of 
a  strong  brass-headed  staff,  with  three  substantial 
wooden  legs ;  the  top,  or  head  of  the  staff,  consists 
of  two  brass  plates  E,  parallel  to  each  other ;  four 
screws  pass  through  the  upper  plate,  and  rest  on  the 
lower  plate ;  by  the  action  of  these  screws  the  situa- 
tion of  the  plate  may  be  varied,  so  as  to  set  the  hori- 
zontal limb  truly  level,  or  in  a  plain  parallel  to  the 
horizoo;  for  this  purppAS,  it  strong  pin  is  fi^^d  to 
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the  underside  of  the  plate,  this  pin  is  conDectcd  with 
a  ball  that  fits  into  a  socket  in  the  lower  plat^^ ;  tlio 
axis  of  the  pin  and  ball  are  so  framed,  as  to  be  al- 
ways perpendicular  to  the  plate^  and,  consequently, 
to  the  horizontal  Ihnb. 

To  adjitst  the  theodolite.  As  so  much  of  surveying 
depends  on  the  accuracy  of  the  instruments,  it  is  ab- 
solutely necessary  that  the  surveyor  should  be  very 
expert  in  their  acfjustnients,  without  which  he  cannot 
expect  the  instruments  will  properly  answer  the  pur- 
poses they  were  designed  for,  or  that  his  surveys  will 
have  the  requisite  exactness. 

The  necessary  adjustments  to  the  theodolite,  which 
we  have  just  described,  are,  1.  That  the  line  of 
sight,  or  coUimation,  be  exactly  in  the  centre  of  the 
cylindric  rings  round  the  telescope,  and  which  lie  in 
the  Vs.  2.  That  the  level  be  parallel  to  this  line,  or 
the  axis  of  the  above-mentioned  rings.  3.  The  hori-^ 
zontal  limb  must  be  so  set,  that  when  tlie  vertical 
arc  is  at  zero,  or  o,  and  the  upper  part  moved  round, 
the  bubble  of  the  level  will  remain  in  the  middle  of 
the  open  space. 

Previous  to  the  adjustments,  place  the  instrument 
upon  the  stafl^  and  set  the  legs  thereof  firmly  upon 
tlie  ground,  and  at  about  three  feet  from  each  other, 
so  that  the  telescope  may  be  at  a  proper  height  for 
the  eye,  and  that  two  of  the  screws  on  the  staff  that 
are  opposite  to  each  other  may  be  nearly  in  the  di- 
jection  of  some  conspicuous  and  distant  object. 

To  adjust  the  line  of  colliniation.  Having  set  up 
the  theodolite  agreeable  to  the  foregoing  direction, 
direct  the  telescope  to  some  distant  object,  placing  it 
so  that  the  horizontal  hair,  or  wire,  may  exactly 
coincide  with  some  well  defined  part  of  the  object ; 
turn  the  telescope,  that  is,  so  that  the  tube  of  the 
spirit  level  D  may  be  uppermost,  and  observe  whe- 
ther the  horizontal  hair  still  coincides  with  the  ob- 
ject ;  if  it  does,  the  hair  is  in  its  right  position ;  if 
not,  correct  half  thei  difference  by  moving  the  hair, 
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or  wire,  which  motion  is  effected  by  easing  one  of 
the  screws  in  the  eye  tube,  and  tightening  the  others 
then  turn  the  telescope  round  to  its  former  position, 
with  the  tube  of  the  spirit  level  lowermost,  and  make 
the  hair  coincide  with  the  object,  by  moving  the  ver- 
tical arc;  reverse  the  telescope  again,  and  if  the  hair 
does  not  coincide  with  tlie  same  part  of  the  object, 
yoa  must  repeat  the  foregoing  operation,  tiB  in  both 
positions  it  perfectly  coincides  with  the  same  part  of 
the  object. 

The  precise  situation  of  the  horizontal  hair  being 
thus  ascertained,  adjust  the  vertical  hair  in  the  same 
manner,  laying  it  for  this  purpose  in  an  horizontal 
position :  the  spirit  tube  will,  during  the  adjuMment 
of  the  vertical  hair,  be  at  right  angles  to  its  fcH'mer 
position »  When  the  two  wires  are  thus  adjusted,, 
their  intersection  will  coincide  exactly  with  the  same 
point  of  the  object,  while  the  telescope  is  turned 
quite  round ;  and  the  hairs  are  not  properly  adjusted,^ 
till  this  is  effected. 

Adjustment  (^f  the  level.  To  render  die  kvel  pa- 
rallel to  the  line  of  collimation,  place  the  vertical  are 
over  one  pair  of  the  staff  screws,  then  raise  one  of 
the  screws,  and  depress  the  other,  till  the  bubble  of 
the  level  is  stationary  in  the  middle  of  the  glass ;  now 
take  the  telescope  out  of  the  Y*8,  and  turn  it  end 
for  end,  that  is,  let  the  eye  end  lay  where  the  object 
end  was  placed ;  and  if,  when  in  this*  situation,  the 
bubble  remains  in  the  middle  as  before,  the  level  is 
well  adjusted  ;  if  it  docs  not,  that  end  to  which  the 
bubble  runs  is  too  high ;  the  position  thereof  must 
be  corrected  by  turning  with  a  screw-driver  one  or 
both  of  the  screws  whidi  pass  through  the  end  of  the 
tube,  till  the  bubble  has  moved  half  the  distance  it 
ought  to  come  to  reach  the  middle,  and  cause  it  to 
move  the  other  half  by  turning  the  staff  screws.  Re- 
turn the  telescope  to  its  former  position,  and  if  the 
adjustments  have  been  well  made,  the  bubble  will 
remain  in  the  middle ;  if  otherwise^  the  process  ol 
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aHeriag  the  level  and  the  staff  screviv,  with  the  rei 
vei^rng^  must  be  repeated,  till  it  bears  this  proof  of 
its  accuracy.  In  some  iostruments  there  is  a  provi** 
sion  for  raising  or  lowering  the  Y^s  a  small  degree, 
in  order  more  conveniently  to  make  the  bubble  con- 
tinue in  its  place  when  tVic  vertical  arc  is  at  o,  and 
the  horizontal  limb  turn  round. 

To  adjxist  ike  level  of  the  horizwit^l  limb.  Place 
the  level  s6  that  it  may  be  in  a  line  with  two  of  the 
staff  screws,  then  ac^nst  it,  or  cause  the  bubble  4)o 
become  statiotiary  in  die  middle  of  the  open  space  by 
means  of  these  screwsi  Turn  the  horiiiontal  limb 
half  round,  and  if  the  bubble  remains  in  the  middle 
as  before,  the  level  is  well  adjusted ;  if  not,  correct 
half  the  error  by  the  screws  at  the  end  of  the  level, 
and  the  other  half  by  the  staff  screws*  Now  return ' 
the  horizontal  limb  to  its  former  position,  and  if  it 
remains  in  the  middle,  the  err&rs  are  corrected  ;  if 
not,  the  process  of  altering  must  be  pursued  till  the 
error  is  annihilated.  See  this  adjustment  in  the 
description  of  Raimdetis  theodolite. 

When  the  bubble  is  adjusted,  the  horizontal 
limb  may  always  be  levelled  by  means  of  the  staff 
screws. 

or  THE  THEODOLITE,  AS  IMPROVED  BY  RAM9DEN, 

Jig.  2,  plate  l6. 

■ 

Among  the  improvements  the  intrfiments  of 
science  have  received  from  Mr.  Ramsden,  and  th« 
perfection  with  which  he  has  constructed  them,  we 
are  to  rank  those  of  the  theodolite ;  in  the  present 
instance,  he  has  happily  combined  elegance  an^ 
Deatness'of  form,  with  accuracy  of  construction  ;  an4 
the  surveyor  will  contemplate  with  pleasure  this  in- 
strument, and  the  various  methods  by  which  thfe 
parts  concur  to  give  the  most  accurate  result. 

The  principal  parts  of  this  instraw^ot  ar*  however 
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sa  similar  to  the  foregoing,  that  a  description  thereof 
must^  in  some  degree,  be  a  repetition  of  what  has 
been  already  described^  and  requires  less  detail 
here. 

F  F  represents  the  horizontal  limb,  of  six,  seven, 
or  eight  inches  in  diameter,  but  generally  of  seven 
inches,  so  called,  because  when  in  use,  it  ought  al* 
ways  to  be  placed  parallel  to  the  horizon.  It  con- 
sists, like  the  former, > of  two  plates;  the  edges  of 
these  two  are  chamfered,  so  that  the  divisions  and 
the  nonius  are  in  the  same  plain,  which  is  oblique  to 
the  plain  of  the  instrument  The  limb  is  divided 
into  half  degrees,  and  subdivided  by  the  nonius  to 
every  minute;  it  is  numbered  to  s6o^  from  th« 
north  towards  the  east :  besides  these,  the  tangents 
to  100  of  the  radius  are  laid  down  thereon. 

The  upper  plate  is  moved  by  turning  the  pinion 
G :  on  this  plate  are  placed,  at  right  angles  to  each 
other,  two  spirit  levels  for  adjusting  more  accurately 
tlie  horizontal  Hmb. 

NOP  is  a  solid  piece  fitted  on  the  upper  horizon* 
tal  plate,  by  means  of  three  capstan  head  screws, 
passmg  through  three  similar  screws.  By  the  action 
of  these,  the  vertical  arc  may  be  set  perpendicular  to 
the  horizontal  limb,  or  be  made  to  move  in  a  vertical 
plain.  On  this  solid  pieqe,  are  fixed  two  stout 
supports,  to  carry  the  axis  of  the  vertical  arc,  which 
arc  is  moveable  by  the  pinion  £•  On  the  upper  part 
of  the  vertical  arc,  are  the  Y's  and  loops  to  support 
^nd  confine  the  telescope;  the  Y^s  are  tangents  to 
the  cylindric  rings  of  the  telescope,  which  rings  are 
turn^,  and  tlien  ground  as  true  as  possible,  and  are 
prevented  from  moving  backwards  or  forwards,  by 
means  of  two  shoulders.  The  telescope  is  achro- 
matic, and  about  twelve  inches  in  length,  and  may 
be  adjusted  to  the  eye  of  the  observer,  or  the  distance 
of  the  object,  by  turning  the  milled  nut  B.  Tlie 
wires .ar^  adjusted  by  the  screws  in  the  eye  tube  at 
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A.  Under  the  telescope  is  fixed  a  spirit  level  C,  the 
distance  of  whose  ends  from  the  telescope  may  be 
regulated  by  the  screws  c,  c. 

Beneath  the  horizontal  limb  there  is  a  second  or 
auxiliary  telescope,  1 1,  which  has  both  an  horizontal 
and  vertical  motion :  it  is  moved  horizontally  by  the 
milled  clip  screw  K,  and  when  directed  to  any  object, 
is  fixed  in  its  situation  by  another  clip  screw  L  ;  it 
moves  verticaHy  on  the  axis ;  there  is  an  adjustment 
to  this  axi«,  to  make  the  line  of  qollimation  move  in 
a  vertical  plain.  By  the  horizontal  motion,  thi$ 
telescope  is  easily  set  to  what  is  called  the  backset 
stations ;  the  under  telescope  keeping  in  view  the 
back  object,  while  the  upper  one  is  directed  to  the 
.  fore  object.  Underneath  the  lower  telescope  is  a 
clip  to  fasten  occasionally  the  main  axis ;  this  clip  is 
tightened  by  the  finger  screw  L,  and  when  tightened, 
a  small  motion  of  the  adjusting  screw  K  will  move 
the  telescope  a  few  degrees,  in  order  to  set  it  with 
great  accuracy.  Beneath  these  is  the  staff,  the 
nature  of  which  will  be  sufficiently  evident  from 
what  was  said  thereon  in  the  description  of  the  last 
theodolite,  or  by  inspection  6f  the  figure. 

To  adjust  the  levels  of  the  horizontal  plate.  \, 
Place  the  instrument  on  its  staff,  with  the  legs  there- 
of at  such  a  distance  from  each  other,  as  will  give 
the  instrument  a  firm  footing  on  the  ground.  2.  Set 
the  nonius  to  36(i^  and  move  the  instrument  round, 
till  one  of  the  levels  is  either  in  a  right  line  with  two 
of  the  screws  of  the  parallel  plates,  or  else  parallel 
to  such  a  line.  3,  By  means  of  the  two  last  men- 
tioned screws,  cause  the  bubble  in  the  level  to  be- 
come stationary  in  the  middle  of  the  glass.  4.  Turn 
the  horizontal  limb  by  the  milled  nut  half  ^tiund,  or 
till  the  nonius  is  at  180,  and  if  the  bubble  remains 
in  the  middle  as  before,  the  level  is  adjusted ;  if  it 
/  does  not,  correct  the  position  of  the  Icv^l,  by  turn- 

ing one  or  both  the  screws  which  pass  through  its 
$i)3s^  till  the  bubble  has  move^  h^Jf  the  distance  it 
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ought  to  come,  to  reach  the  middle,  and  cause  it  to 
move  the  other  half  by  turning  the  screws  of  the 
parallel  plates,  5.  Return  the  horizontal  limb  to  its 
fermer  position,  and  if  the  adjustments  have  been 
well  made,  the  bubble  will  remain  in  the  middle  ; 
if  otherwise,  the  process  of  altering  must  be  repeat- 
ed till  it  bears  this  proof  of  accuracy.  6.  Now  re- 
gulate the  screws  of  the  staft*  head,  so  that  the  bub- 
ble remain  in  the  middle  while  the  limb  is  turned 
quite  round.  7.  Adjust  the  other  level  by  its  own 
proper  screws^  to  agree  with  that  already  adjusted. 

To  adjust  the  level  under  the  telescope.  1.  The 
horizontal  plate  being  levelled,  set  the  index  of  the 
nonius  of  the  vertical  arc  to  o,  pull  out  the  two  pins, 
and  open  the  loops  which  confine  the  telescope*  2. 
Adjust  the  bubble  by  its  own  screws.  3.  Reverse  the, 
level,  so  that  its  right  hand  end  may  now  be  placed 
to  the  left ;  if  the  bubble  continues  to  occupy  the 
middle  of  the  glass  it  is  in  its  right  position ;  if  not, 
correct  one  h^lf  of  the  error  by  the  capstan  screws 
under  tlie  plate,  and  the  other  half  by  the  screws 
under  the  level.  4.  Reverse  the  level,  and  correct, 
if  there  is  any  occasion,  continuing  the  operation  till 
the  error  vanishes,  and  the  bubble  stands  in  the  mid- 
dle in  both  positions. 

To  adjust  the  line  ofcollimation.  1.  Direct  the  te- 
lescope, so  that  the  liorizontal  wire  may  coincide  with 
some  well  defined  part  of  a  remote  object.  2.  Turn 
the  telescope,  so  that  the  bubble  may  be  uppermost ; 
if  the  wire  does  not  coincide  with  the  same  j)art  of  the 
object  as  before,  correct  h^lf  the  difference  by  mov- 
.ing  the  vertical  circle,  and  the  other  half  by  moving 
tlie  Wire,  which  is  eftectcd  by  the  screws  in  the  eye 
tube  of  the  telescope;  and  so  on  repeatedly,  till  the 
diflerence  wholly  disappears.  Lastly,  adjust  the 
vertical  wire  in  the  same  manner ;  when  the  two 
wires  are  properly  adjusted,  their  intersection  will 
coincide  exactly  with  the  same  point  of  an  object^ 
while  the  telescope  is  turned  quite  round. 
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WITH   TELESeOPIC    SIGHTS. 

To  accommodate  those  who  may  not  wish  to  go  to 
the  price  of  the  foregoing  instruments,  others  have 
been  made  with  less  work,  in  order  to  be  afforded  at 
a  lower  price;  one  of  tliese  is  represented  ^tjig.  5, 
plaie  15.  I<t  is  clear  from  the  figure,  tliat  the  differ- 
ence consists  principally  in  the  solidity  of  the  parts, 
and  in  there  beii^g  no  rack-work  to  give  motion  to 
the  vertical  arc  and  horizontal  limb.  The  mode  of 
using  it  is  the  same  with  the  other,  and  the  adjust-^ 
ment  for  the  line  of  coUimation,  and  the  level  under 
the  telescope,  is  perfectly  similar  to  the  same  adjust- 
iiients  in  tlie  instruments  already  described ;  a  further 
description  is  tlierefore  unnecessary, 

A  larger  kiqd  is  also  made  with  or  without  rack* 
work,  similar  to^..  l^  plate  l6. 
.  A  small  one,  about  four  inches  in  diameter,  was 
invent^  by  the  late  Mr.  Bay.  Martin^  in  which  the 
telescope,  about  six  inches  in  length,  with  a  level,  has 
no  vertical  motion^  but  the  horizontal  motion  is  given 
hy  a  pinion ;  and  it  may  be  turned  into  a  vertical  po- 
-sition  to  take  angles  of  altitudes  qr  depressions.  The 
divisions  by  the  nonius  are  to  five  minutes. 

THE   FOLLOWING   ACCOUNT  eF   THEODOLITES   IS 
ADDED   BY  THE   EDITOR. 

• 

It  ^nerally  happens,  that  the  observer  has  occa- 
sion to  take  the  vertical  and  horizontal  angles  at  the 
^ame  time,  by  portable  as  well  as  by  larger  theodo- 
lites; the  following  is,  therefore,  recommended  as  the 
anost  completeand  portable  instruraenthitherto  made, 
and  is  in  truth  almost  the  best  theodolite  in  minia- 
ture. Its  construction  renders  it  somewhat  more 
expensive  than  those  before  described.  It  is  the 
4>ne  that  the  late  author  alluded  to  in  a  note  ot* 
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the  6rst  edition  of  this  book,  but  had  not  time  t# 
describe  it. 

Fig.  7>  pldte  14,  is  a  representation  of  the  ipstru* 
ment.  The  graduated  limb  and  index  plate  A;  A^ 
arc  about  four  inches  in  diameter,  and  move  by  rack 
and  pinipn  B  ;  it  reads  off  by  means  of  the  nonius 
to  three  minutes  of  a  degree.  If  the  observer  should 
not  object  to  very  fine  divisions,  it  may  be  to  two 
minutes  of  a  degree.  The  achromatic  telescope  C, 
is  about  six  inches  in  length,  and  contains  a  small 
spirit  bubble  at  C,  partly  sunk  into  the  tube ;  it 
turns  upon  a  long  axis,  and  is  moved  very  accurately 
by  racj:  and  pinion  on  the  arc  at  D.  This  arc  is 
pcccssarily  of  a  short  length,  but  admits  about  45 
degrees  motion  on  each  side  of  0,  for  altitudes  or 
depressions.  The  staff,  which  from  one  piece  opens 
into  a  tripod,  is  about  five  feet  in  length,  and  has 
the  parallel  plates  of  adjustment  at  the  top.  A  small 
screw  from  these  screws  into  a  socket  under  the  limb 
A,  ajid  by  an  external  rim  of  metal,  the  horizontal 
motion  only  of  the  theodolite  is  produced,  when  the 
plates  are  properly  set  by  the  screws.  The  telescope 
Vests  upon  a  cradle,  and  by  opening  the  two  semicir- 
cles ^,  «,  it  may  be  reversed,  in  order  to  adjust  the 
'spirit  level,  or  prove  its  truth  to  the  axis  of  the 
telescope.  The  adjustments  of  this  little  instrument^ 
being  in  all  respects  similar  to,  and  made  as  in  those 
ju-it  described,  they  will  be  evident  to  thq  reader, 
and  quite  unnecessary  to  repeat  here. 

The  instrument,  exclusive  of  its  staff,  packs  into 
a  pocket  mahogany  case,  of  6  inches  in  length,  4-i. 
inches  in  breadth,  and  3-\  inches  in  depth. 

In  surveys  of  very  great  extent  and  importance, 
or  in  great  trigonometrical  operations,  a  larger  in- 
strument is  required,  in  order  that  the  subdivisiotis 
may  be  greattT  in  number,  or  the  angle  taken  more 
accurately,  to  five,  two,  or  even  one  second  of  a  de- 
gree. Several  plans  have  beeti  suf^ostcd,  but  I  do 
not  at  present  see  any  better  principle  to  adopt  than 
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that  of  the  great  one  by  Mr.  Ramsden  hereafter  to 
be  described.  A  proportionate  reduction  of  ^ts  size, 
as  well  as  simplifying  its  machinery  and  movements, 
necessary  only  for  the  grand  purpose  that  it  was  ap- 
plied to,  would  accommodate  the  practitioner  with 
^s  complete  an  instrument  as  he  could  desire.  The 
'  diameter  of  the  horizontal  circle  I  would  recommend 
to  be  from  about  15  to  20  inches^  and  the  other  parts 
In  proportion.  The  price,  according  to  the  work- 
manship, would  be  from  about  6o  to  1 20  guineas, 
stand,  cases,  &c.  included. 

In  the  preceding  impression  of  this  work,  the  in- 
genious author,  now  deceased,  made  the  frontispiece 
plate  a  represeptation  of  a  new  theodolite  of  his  own 
contrivance,  the  adjustments  of  which  bethought  to 
foe  more  perfect  thanthoseW  any  other,  and  annexed 
the  description  and  mode  of  its  adjustments  to  his 
pre&ce*  Future  trials,  however,  on  his  own  part,' as 
well  as  by  the  hands  of  others,  gave  me  reason  to 
conclude  that  it  was  not  answerable  to  the  intended 
improvements ;  although  more  complicated  and 
costly  than  that  represented  on  fig.  2,  plate  i6,  yet 
it  was  less  susceptible  of  accuracy,  and  not  so  simple 
and  easy  in  the  adjustments;  I  have,  tlierefore, 
>ihought  proper  to  dispense  with  it  here,  and  substi- 
tute a  short  description  of  the  largest,  most  accurate, 
and  elegant  theodolite  ever  made. 

It  is  hardly  necessary  to  acquaint  the  intelligent 
reader,  that  the  theodolite  is  a  kind  of  general  an- 
gular instrument,  not  useful  merely  to  ascertain  an- 
ises for  the  surveyor,  but  also  for  many  purposes  in 
]jhu:ttcal  astronomy,  and  other  sciences  that  have  tri- 
gonometry as  their  fundamental  .basis.  Some  years 
ago  it  was  found  necessary  to  institute  a  course  of 
trigonometrical  operations  in  this  country  dnd  in 
France,  in  order  to  determine  with  precision  the  dis- 
tance between  the  Royal  Observatories  of  Greenwich 
and  Paris.  The  late  General  Roy  was  deputed  as  the 
chief  manager  in  this  country.    A  very  accurate  tlieo* 
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doUte  to  take  angles,  and  other  instruments,  were 
essentially  necessary  ;  and  the  General  was  fortunate 
enough  to  obtain  the  best  articles  and  assistance  that 
\&ere  ever  afforded  in  any  mathematical  undertaking 
whatever. 

The  frontispiece  to  this  book  gives  a  general  view 
of  the  theodolite  ;  the  reader  must  not  expect  from 
this  a  complete  representation  of  all  the  minuter 
parts.  In  the  Grenerars  account  in  the  Phihsophicai 
Transactio)iSj  containing  'X6  quarto  pages,  and  six 
large  plates,  replete  with  explanatory  figures,  he  con** 
fined  himself  only  to  the  descnbtng  of  the  principal 
parts;  and  the  limitd  of  this  work  will  only  admit  of 
a  summary  description  to  convey  some  idea  of  its 
plan,  and  to  shew  the  ingenious  operator  the  superior 
utility  and  accuracy  of  the  instrument.  If  a  further 
and  more  particular  knowledge  be  desired,  it  will  be 
best  obtained  by  a  reference  to  page  135,  vol.  SO  of 
the  Transactions  before  oitcd.  A  A  a  brass  circie 
three  feet  diameter;  B.  the  principal,  or  transit 
lu^hromatic  telescope  of  36  inches  foeal  length,  and 
24-  inches  aperture,  admitting  its  adjustment  by  in* 
vemon  on  its  supports,  as  peiformed  by  the  transits 
in  fixed  observatories -;  C  a  small  lanthorn  fixed :tD 
an  horizontal  bar  for  giving  light  to  the  a^is  of  tHe 
telescope  upon  an  illuminator  tliat  reflects  ligfatoii  the 
wire  in  nocturnal  observations ;  D  a  semicircle  of  six 
inches  radius,  attached  to  the  axis  of  the  transit. 
Each  degree  being  divided  into  two  parts,  or  30',  and 
one  revolution  of  tlie  micrometer  head  moving  the 
wire  in  the  field  of  the  microscope  at  a  three  minutes; 
therefore  10  revolutions  produce  30',  which  are 
shewn  by  a  scale  of  10  notches  in  the  upper  part  of 
the  field  of  the  microscope,  each  notch  corresponding 
to  tlirce  minutes,  or  180  seconds,  and  the  head 
being  divided  into  three  minutes,  and  each  minute 
into  12  parts;  therefore  12  parts  is  equal  to  fiv^ 
seconds.  When  the  angles  of  altitude  and  depres- 
sion to  be  determined,  are  very  small,  they.are  mea* 
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sured  by  the  motion  of  an  horizontal  wire  in  the 
ibcus  of  the  eye*glass  of  the  telescope  at  a.  Two 
spirit  levels  are  used  to  this  telescope  ;  one  to  level 
the  axis,  making^  the  long  conical  axis  of  the  instru- 
rnent  truly  vertical,  not  shewn  in  th^  plate,  and  the 
other  level  £1  is  suspended  on  a  rod  attached 
to  the  telescope,  and  serves  to  make  it  horizontal 
when  vertical  angles  are  to  be  taken.  The  vertical 
bar  F,  extending  across  tlic  top  of  the  axis,  is  sup-, 
ported  by  two  braces  G  G  that  come  from  the  cone^ 
^d  above  the  plain  of  the  instrument. 

The  great  divided  circle  is  attached  by  10  brass 
conical  tubes,  or  radii,  to  a  large  vertical  conical 
axis  Hj  of  24  inches  in  height^  called  the  exterior 
axis.  Within  the  base  of  this  hollow  axis,  a  cast 
steel  collar  is  strongly  driven  ;  and  on  its  top  is  in- 
serted a  thick  bell-metal  plate,  with  sloping  cheeks^ 
which  by  means  of  five  screws  can  be  raised  or  de- 
pressed a  little. 

The  instrument  rests  on  three  feet,  one  of  which 
is  shewn  at  I^  united  at  the  centre  by  a  strong  round 
plate  of  bell-metal,  upon  which  rests  another  vertical 
hollow  cone,  going  into  the  other,  H,  and  is  called 
the  interior  axis ;  a  cast  steel  pivot  in  its  tpp,  with 
sloping  cheeks,  passes  through  the  bell-metal  plate 
at  the  top  of  the  exterior  axis^  being  ground  to  fit  one 
another. ,  The  bell-metal  base  of  this  interior  axis  is 
also  ground  to  fit  the  steel  collar  of  that  without  it. 
When  put  tc^ether,  the  circle  is  to  be  lifted  up  by 
laying  hold  of  its  radii,  and  the  exterior  placed  upon 
the  interior  axis,  the  cheeks  at  top,  adjusted  to  their 
proper  bearings,  will  then  turn  round  smoothly  and 
steadily,  and  free  from  any  central  shake ;  the  great 
circle,  exterior  axis,  and  upper  telescope,  therefore, 
are  moveablW,  independent  of  the  lower  parts. 

The  feet  of  the  mahogany  stand  K,  form  a  square 
cf  about  three  feet  four  inches  at  bottom,  and  by  the 
separation  of  the  legs,  make  an  octagon  at  the  top 
of  the  first  plain ;  in  the  centre  of  which  is  an  open- 
ing, i^ine  inches  in  diameter.     On  tlie  top  of  this 
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lies  another  mahogany  octagonal  plain,  of  rather 
greater  dimensions  than  the  former,  with  a  circular 
curly  ahont  4  an  inch  within  the  plain  of  its  sides. 
This  hath  in  its  centre  an  open  conical  brass  socket, 
three  inches  in  diameter  ;  and  on  four  of  its  opposite 
sides  there  are  fixed  four  screws^  acting  against  pieces 
of  brass  on  the  top  of  the  stand.     The  plain,  with 
cveiy  thing  upon  it,  may,  therefore,  be  moved  in  four 
opposite  directions,  until  the  plummet  L,  is  brought 
to  coincide  with  the  station  points  underneath,  in 
order  to  level  the  stand.     The  third  or  uppermost 
plain  of  mahogany  is  part  of  the  instrument,  being 
connected  by  screws,  and  cafrying  the  handles  where- 
by it  is  lifted  up  for  use.     In  the  middle  of  this  bot- 
tom to  the  instrument  there  is  another  conical  brass 
socket,  ^  inches  in  diameter,  that  turns  easily  on 
that  in  the  centre  of  the  octagon  underneath.     In 
the  cover  of  this  socket  is  an  hole  concentric  to  the 
instrument,  to  admit  the  thread  or  wire  to  pass, 
which  suspends  the  plummet  at  L.     There  is  a  small 
box  with  a  winch  handle  at  M,  that  serves  occasion- 
ally to  raise  or  lower  the  plummet.    To  the  three 
feet  there  arc  screws,  such  as  at  N,  for  levelling  the 
instrument ;  and  also  three  blocks  of  box  wood,  and 
three  brass  conical  rollers  under  the  feet  screws, 
fixed  to  the  lower  surface  of  the  mahogany,  to  give 
tlie  whole  a  perfectly  easy  motion ;  O,  O,  O,  are 
three  of  the  four  screws  attached  to  the  octagonal 
plain,  for  accurately  centering  the  instrument  by  the 
plummet.     P  and   Q    represent  two  positions  of 
screws  to  give  a  circular  motion  to  the  entire  ma- 
chine, but  these  having  been  found  to  act  by  jerks, 
from  the  great  weight,  another  apparatus,  or  clamp^ 
see  Jig.  %   was   adjusted,   attached   to  the   curbs, 
consisting  of  a  brass  cock  fixed  to,  and  projecting 
from  the  curb  of  the  instrument ;   the  cock  being 
acted   upon    by  two   screws  working    in   opposite 
directions,  and  which  are  clamped  to  the  curb  of 
the  octagon. 
The  curb  ^pon  wTiich  the  feet  of  the  instruin^n( 
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rest,  carries  the  malx^ny  balustrade  R  R»  fitted  to 
receive  a  mahogany  cover,  that  guards  the  whole  in* 
strument.  In  diis  cover  are  four  small  openings,  on^ 
fer  each  of  the  vertical  microscopes  S,  S,  one  for  the 
clamp  of  the  circle,  and  one  for  the  socket  <^  the 
Hookes  joint  This  cover  secures  the  circles  and  it^ 
cones  from  dirt,  and  serves  conveniently  for  laying 
any  thing  upon,  that  may  be  wanted  near  at  hand ; 
and  particularly  lanthoms  used  at  night,  for  reading 
off  the  divisions  on  the  limb  of  the  instrument. 

There  is  a  lower  telescope  T,  lying  exactly  under 
the  centre  of  the  instrument,  and  directed  through 
one  of  the  openings  on  the  balustrade,  and  used  only 
for  terrestrial  objects,  requires  but  a  smalj  elevation, 
and  has  an  axis  of  17  inches  in  length,  supported  by 
the  braces  attached  to  the  feet.  It  is  moved  by  rack-* 
work,  by  turning  the  pinion  at  V.  There  is  a  small 
horizontal  motion  that  can  be  given  to  the  right  hand 
of  the  axis  of  the  end  of  this  telescope.  The  whole 
instrument  being  nicely  levelled,  the  upper  telescope 
at  zero,  and  likewise  on  its  object,  the  lower  tel^cope 
by  help  of  this  adjustment  is  brought  accurately  to 
the  same  object,  from  the  point  of  commencements 
from  which  the  angles  are  to  be  measured. 

There  are  three  flat  arms,  one  of  which  is  repre-*  ~ 
sented  at  U,  fixed  by  screws  to  the  edge  of  the  bell- 
metal  plate.  These  arms  are  also  braced  to  the  feet 
of  the  instrupient,  rising  as  they  project  outwards 
towards  the  circumference  of  the 'circle,  going 
beyond  it  about  1-i-inch.  One  arm,  lying  directly 
over  one  of  the  feet,  is  that  to  which  is  attached 
wheels  and  screws  moved  by  Hookers  joint,  not  seen 
in  the  figure,  and  also  a  clamp  to  the  circle.  It  is 
this  that  produces  the  accurate  motion  of  the  circle. 
The  other  two  arms,  one  of  which  also  lies  over  a 
foot,  and  the  other  directly  opposite  to  it,  become 
the  diameter  of  the  circle,  having  their  extremities 
terminated  on  a.  kind  of  blunted  triangular  figure, 
forming  the  bases  of  pedestals,  whereon  stand  the 
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vertical  microecopes  8,  8.  The  ann»,  braces,  ba^^ 
&c.  are  every  where  pierced, .  in  order  to  lessen 
weight  without  diminishing  strength. 

The  angles  are  not  read  off  in  this  instrument  by 
a  nonius  as  common  to  others,  but  with  microscopes, 
which  form  the  most  essential  part  of  tlie  in- 
strument. But  a  short  aecount  of  them  can  be  given 
here,  an  adequate  idea  can  only  be  obtained  by  a  re« 
ference  to  t\\e  Philosophical  Transactions^  page  145 
and  149.  That  horizontal  microscope  for  the  ver- 
tical angles  has  been  already  mentioned.  The  two 
vertical  ones  S,  S,  are  used  for  reading  off  the  divi- 
sions on  the  opposite  sides  of  the  circle  immediately 
under  them.  Each  microscope  contains 'two  slides, 
one  over  the  other,  their  contiguous  surfaces  in  the 
foci  of  the  eye  glasses.  The  upper  one  is  a  very 
thin  brass  plate ;  at  its  lower  surface  is  attached  a 
fixed  wire,  having  no  other  motion  than  what  is  ne- 
cessary for  adjustment,  by  the  left  hand  screw  to  its 
proper  dot,  as  hereafter  to  be  explained.  The  other 
slide  is  of  steel,  of  one  entire  piece,  directly  under  the 
former,  of  sufficient  thickness  to  permit  a  microme- 
ter screw  of  about  7 2  threads  ip  an  inch  to  be  formed 
of  it.  To  its  upper  surfece  is  fixed  tJie  immoveable 
wire,  which  changes  its  place  by  the  motion  of  the 
micrometer  head.  This  head  is  divided  into  60  equal 
parts,  each  of  which  represents  one  second  or  angular 
motion  of  the  telescope.  This  steel  slide  is  attached 
by  a  chain  to  the  spring  of  a  watch  coiled  up  within 
a  small  barrel  adjacent  to  it  in  the  frame.  By  this 
no  time  whatever  is  lost,  the  smallest  motion  of  the 
head  being  instantly  shewn  by  a  proportionable 
motion  of  the  wire  in  the  field  of  the  microscope. 

Each  microscope  is  supported  between  its  pillars, 
*nd  can  be  a  little  raised  or  depressed  in  respect  to 
the  plain  of  the  circle  by  two  levers.  By  this  mo- 
tion distinctness  is  obtained  of  the  wires,  and  by  the 
.  motion  of  the  proper  screw  of  the  object  lens,  which 
foHows  that  given  to  the  whole  microacope,  the  scale 
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is  90  idjusted^  thftt  1 5  revolatidnft  of  the  bead  $haU 
move  the  wire  over  1 5^  or  one  grand  division  of  the 
limb,  equal  to  QOO'',  each  degree  on  the  circle  being 
only  divided  into  four  parts.  To  effect  this,  at  the 
same  time  tlie  fixed  wire  must  bisect  tlie  dot  on  a 
gold  tongue,  the  moveable  wire  must  also  bisect  the 
dot  at  180^on  the  limb  as  well  as  a  first  notch  in  Uie 
magnified  scale  at  the  bottom  of  the  plate.  In  this 
adjustment  there  is  another  circumstance  to  be  at- 
tended to,  viz.  that  sixty  on  the  micrometer  head 
should  stand  nearly  vertical,  so  as  to  be  conveniently 
seen  ;  a  few  se<!onds  of  inclination  are  of  no  conse* 
quence,  because  the  dart  or  index  being  brought  to 
riiat  position,  whatever  it  may  be,  must  always  re- 
main there,  any  derangement  of  the  instrument  ex- 
cepted. N  But  if,  when  the  wires  coincide  with  their 
respective  dots,  -and  the  first  notch  60  on  the  micro- 
meter head  should  happen  to  be  underneath,  or  so 
far  from  the  vertex  side  as  to  be  seen  with  difficulty, 
then  the  gold  tongue  is  to  be  moved  a  little  by 
capstan  head  screws,  which  act  against  each  other 
on  the  opposiljp  extremities  of  the  axis.  Thus,  by 
repeated  trials  the  purpose  will  be  effected,  viz.  tlie 
6o,  to  which  the  dart  is  to  be  set,  will  stand  in  a 
place  easily  seen.  It  is  not  to  be  expected  that  each 
microscope  will  give  just  QOO  seconds  for  the  run  of 
15  minutes;  without  loss  of  time  this  cannot  be 
done:  besides,  two  observers  will  adjust  the  micro- 
scopes differently.  After  several  trials  of  the  runs  in 
measuring  15  minutes  in  the  different  parts  of  the 
limb,  one  microscope  gave  896^',  while  the  other 
gave  at  a  medium  QOl'';  in  a  year  afterwards,  the 
former  gave  900^',  while  the  latter  gave  Bg4'\  These 
differences  were  allowed  for  in  the  estimation  of 
angles  for  computation*  • 

The  gold  tongue  mentioned  is  extremely  thin,  and 
goes  close  to  the  surface  of  the  circle.  This  contri- 
vance of  a  tongue  with  a  dot  was  to  guard  against 
any  error  from  any  accidental  motion  given  to  the 
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instniment  between  the  observations^  and  if  any^  it 
immediately  detected  them.  This  was  also  a  severe 
check  upon  the  divisions  of  the  instrument.  Gene-^ 
ral  Rqy  observes,  that  it  rarely  happens  that  two  ob* 
servers,  reading  off  with  the  opposite  microscopes, 
differ  more  than  half  a  second  from  each  otiier  at  the 
first  reading ;  and  judges,  that  in  favourable  weather 
for  repeating  the  obser\'ation  with  the  telescope^  a; 
wonderful  degree  of  accuracy  in  the  measure  of  die 
angles  may  be  obtained.* 

For  the  auxiliary  apparatus,  such  as  the  100  feet 
steel  chaifij  portable  scaffold,  tripod  ladder,  cominon 
flagstaff,  tripod  for  white  lights,  portable  crane,  Sgc. 
the  reader  will  sec  the  account  of  in  the  Transactions 
before  cited.  Tiie  horizontal  angles  taken  by  the 
instrument  as  reflated  by  the  General,  since  de- 
ceased, are  to  the  tenth  of  a  second* 

*  The  weight  of  the  whole  iDstrument  was  about  200  pounds, 
and  the  price,  as  I  have  been  informed^  about  350  guineas.  By 
the  completion  of  the  measurements  and  the  necessary  calcula- 
tions, the  diiierence  of  the  two  meridians  made  ^  W,  as  before 
fixed  by  Dr  Moikdyne. 

A  secord  instrument  has  since  been  made,  *and  is  now  using 
by  Col.  fVilUams,  Capt.  Mudge,  and  Mr.  Dolby,  from  whose 
skill  and  ingenuity  it  k  expected  a  very  accurate  survey  of  this 
country  will  be  made.*  In  this  instrument,  the  great  circle  is 
divided  to  10  minutes,  improvements  made  in  the  microscope^ 
&c»  by  Mr.  Ramsdetu    See  Philosophical  Transactioms  for  1795. 


*  A  separate  and  conipletc  account  of  this  Trigonometrical 
Survey  of  England  and  Wales  has  been  recently  published  by 
Col.  Mudge  and  Mr.  JD<z%,  in  3to]s.  4to.  1799^1811. 
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DESCRIPTION,  USE, 

AND    METHOD    OF   ADJUSTING 

HADLEY'S  QUADRANT  * 


^^  At  the  appointed  time^  when  it  pleased  the 
Supreme  Dispenser  of  every  good  gift  to  restore 
light  to  a  bewildered  worlds  and  more  particularly  to 
manifest  his  wisdom  in  the  simplicity,  as  well  ^  in 
the  grandeur  of  his  works,  he  opened  the  glorious 
'scene  with  the  revival  of  sound  astronomy."  This 
observation  of  an  excellent  philosopher  and  phy- 
sician -jf  is  verified  in  every  instance  of  the  progress 
of  science ;  in  each  of  which  we  may  trace  some  of 
the  steps  of  that  vast  plan  of  Divine  Providence  to 
which  all  things  are  converging,  namely,  the  bring* 
ingall  his  creatures  toa  state  of  truth,  goodness,  and 
consequent  happiness  ;  an  end  worthy  of  the  best 
and  wisest  of  b^ngs,  and  which  we  may  perceive  to 
be  gradually  eifecting,  by  the  advancement  of  know- 
ledge, the  diffusion  of  liberty,  and  the  removal  of 
error,  that  truth  and  virtue  may  at  last  shine  forth 
in  all  the  beauty  of  their  native  colours. 

It  is  thus  that  the  discovery  of  the  compass  gave 
rise  to  the  present  art  of  navigation ;  and  when  this 
art  grew  of  more  importance  to  mankind.  Divine 
Providence  blessed  them  with  the  invention  of  Had- 
letfs  Quadrant i  and' in  oar  own  day  and  in  our  own 
time  has  further  improved  both  it  and  the  art  of 
navigation,  by  the  present  method  of  finding  the 
longitude,  which  enables  the  mariner  to  ascertain 
with  certainty  his  situation  on  the  unvaried  face  of  * 
the  ocean. 

*  This  ac(;ount  of  Hadlcy's  quadrant,  ^c.  is  extracted  from 
«  small  tract  I  published  thereon  sometime  since,  8vo. 
f  Sir  John  Pringle^  Six  Discourses  to  the  Royal  Society. 
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Hadley's  quadi-ant  or  sextant  is  the  only  known 
instrument,  on  which  the  mariner  can  depend  for 
determining  with  accuracy  and  precision  his  latitude 
and  longitude.  It  is  to  tiie  use  of  this  instrument 
tliat  navigation  is  indebted  for  the  very  great  and 
rapid  advances  it  has  made  within  these  few  years. 
It  is  easy  to  manage,  and  of  extensive  use,  requiring 
no  peculiar  steadiness  of  hand,  nor  any  such  fixed 
basis  as  is  necessary  to  other  astronomical  instru- 
ments. It  is  not  the  science  of  navigation  only 
which  is  indebted  to  this  instrument,  but  its  use» 
are  so  extensive  in  astronomy,  that  it  may,  accom* 
panied  with  an  artificial  horizon,  with  propriety  be 
calFed  a  portable  obser*catoryy  and  in  this  work  we 
shall  exemplify  its  application  to  surveying. 

Mankind  are  ever  desirous  of  knowing  to  whonx 
they  are  indebted  for  any  peculiar  or  useful  discovery; 
it  is  the  tribute  of  gratitude,  and  a  reward  ta  merit. 
In  the  present  instance  there  is  no  difficulty  in  giv- 
ing the  information;  the  FeBpective  claims  of  the 
inventors  are  easily  decided.  The  first  thought 
originated  with  the  celebrated  Dr j^Hoeke,  it  wb^ 
completed  by  Sir  Isaac  Newton,  and  published  by 
Mr.  Iladley. 

Notwithstanding,  however,  the  manifest  supe- 
riority of  this  instrument  over  those  that  were  in  use 
at  the  time  of  its  publication,  it  was  many  years  be- 
fore the  sailors  could  be  persuaded  to  adopt  it,  and 
lay  aside  their  imperfect  and  inaccurate  instruments : 
so  great  is  the  difficult^to  remove  prejudice,  and 
emancipate  the  mind  frJhi  the  slavery  of  opinion. 

No  instrument  has  undergone,  since  the  original 
invention,  more  changes  than  the  quadrant  of  Had^ 
ley ;  of  the  various  alterations,,  many  have  had  no 
better  foundation  than  the  conceit  and  caprice  of 
the  makers,  who,  by  these  attempts,  have  often  ren- 
dered the  instrument  more  complicated  in  construc- 
tion and   more  difficult  in  use,  than  it  was  in  jU& 


original  state! 
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It  is  not  my  intention  under  this  head  to  enume* 
rate  all  the  advantages  of  this  instrument  i  but  bare^ 
iy  to  point  out  one  or  two  of  those  essential  proper- 
ties which  distinguish  it  from  every  other  instrument 
of  the  kind,  and  rank  it  amon^  one  of  the  greatest 
improvements  in  the  practice  of  navigation* 

It  is  an  essential  property  of  this  instrument,  de* 
rived  from  the  laws  of  reflection,  that  half  degrees 
on  the  arc  answer  to  whole  ones  in  the  angles  mea- 
sured ;  hence  an  octant,  or  the  eighth  part  of  a  cir*' 
cle,  or  45  degrees  on  the  arc,  serves  to  measure  QO 
degrees ;  and  sextants  will  measure  an  angular  dis- 
tance of  120  degrees,  though  the  arc  of  the  instru-' 
ment  is  no  more  than  60  degrees.*  It  is  from  tliis 
property  that  foreigners  term  that  instrument  an 
octant,  which  we  usually  call  a  quadrant,  and  which 
in  effect  it  is.  The  property  reduces  indeed  consi- 
derably the  bulk  of  the  instrument ;  but  at  the  same 
time  it  calls  for  the  utmost  accuracy  in  the  divisions, 
as  every  error  on  the  arc  is  doubled  in  the  obser-^ 
vation. 

Another  essential,  and  indeed  an  invaluable  pro- 
perty of  this  instrument,  whereby  it  is  rendered 
peculiarly  advantageous  in  marine  observations,  is^ 
that  it  does  not  require  any  peculiar  steadiness  of 
the  hand,  nor  is  liable  to  be  disturbed  by  the  ship^s 
motion ;  for,  provided  the  mariner  can  see  distinctly 
the  two  objects  in  the  field  of  his  instrument,  no 
motion,  nor  vacillation  of  the  ship,  will  hinder  his 
observation* 

Thirdly,  the  errors  to  which  it  is  liable  are  easily 
discovered,  and  readily  rectified,  while  the  applica^ 
tion  and  use  of  it  is  facile  and. plain. 

The  principal  requisites  in  a  good  sextant  or  quad'* 

*  For  a  concise  explaDalion  of  the  theorjr,  l^g.  ie#  oar  pgiD« 
pUet  on  ibi»  iutcrument,  8vo.  1808^   Ei^it. 
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rant,  are>  i  •  That  it  be  strong,  and  so  constructed 
as  not  to  bend  across  the  plain.  2.  That  it  be  accu-i 
rately  divided.  3.  That  the  surfaces  of  the  glasses 
be  perfectly  plain  and  parallel  to  each  other. 
4.  That  the  index  turn  upon  a  long  axis.  5«  That 
the  motion  be  free  and  easy  in  every  part,  and  yet 
without  the  least  shake  or  jerk. 

DESCRIPTIOK   OF   BAI>LEY*S   (WADRANT. 

Fig.  I  opiate  19)  represents  a  quadrant,  or  octant, 
of  the  common  construction.  The  following  parts 
are  those  which  require  the  particular  attention  of 
the  observer. 

I.  BC  the  arc. 

IL  AB  the  index,  ab  the  nonius  scale. 

IlL  £  the  index-glass. 

IV.  F  the  fore  horizon-glass. 

V.  G  the  back  horizon-glass. 
VL  K  the  dark  glasses  or  screens. 

VII.  H I  the  vanes  or  sights. 

VIII.  The  arc  B  C  is  called  the  limb  or  quO' 
drantal  arc;  the  arc  cd  lying  from  o, 
towards  the  right  is  called  the  arc  of 
excess. 

OF  THE   aUADRANT. 

The  quadrant  consists  of  an  arc  B  C,  firmly  at* 
tached  to  two  radii,  or  bars,  AB,  AC,  which  are 
strengthened  and  bound  together  by  the  two  braces 

LM. 

Of  the  index.  The  index  D  is  a  flat  bar  of  brass, 
that  turns  on  the  centre  of  the  octant ;  at  the  lower 
end  of  the  index  there  is  an  oblong  opening,  to  one 
side  of  this  opening  a  nonius  scale  is  fixed  to  sub- 
divide, the  divisions  of  the  arc;  at  the  bottom  or 
end  of  the  index  there  is  a  piece  of  brass,  which 
bends  under  the  arc^^  carrying  a  Ypring  to  make  the 

'4 


oonius  scale  lie  close  to  the  divisions ;  it  is  also  fur«> 
hished  with  a  screw  to  fix  the  index  in  any  desired 
position. 

The  best  instruments  have  an  adjusting  screw  fit- 
ted to  the  index,  that  it  may  be  moved  more  slowly, 
and  with  greater  regularity  and  accuracy  than  by  the 
hand.  It  is  proper  however  to  observe,  that  the 
index  must  be  previously  fixed  near  its.  right  position 
by  the  above-mentioned  screw,  before  the  adjusting 
screw  is  put  in  motion.     See  B  C,  Jig.  4. 

The  circular  arcs  on  the  arc  of  the  quadrant  are 
drawn  from  the  centre  on  which  the  index  turns: 
the  smallest  eccentricity  in  the  axis  of  the  index 
would  be  productive  of  considerable  errors. 

The  position  of  the  index  on  the  arc,  after  an  ob- 
iservation,  points  out  the  number  of  degrees  and  mi- 
nutes contained  in  the  observed  angle. 

Of  the  index-glass  E.  Upon  the  index,  and  near 
its  axis,  is  fixed  a  plain  speculum,  or  mirror  of  glass^ 
quicksilvered*  It  is  set  in  a  brass  frame,  and  is 
placed  so  that  the  face  of  it  is  perpendicular  to  the 
plain  of  the  instrument ;   this  miiror  being  fixed  to  ' 

the  index,  moves  along  with  it,  and  has  its  direction 
changed  by  the  motion  thereof.  ' 

This  glass  is  designed  to  receive  the  image  of  the 
sun,  or  any  other  object^  and  reflect  it  upon  either 
of  the  two  horizon  glasses  F  tmd  G,  according  to 
the  nature  of  the  observation. 

The  brass  frame  with  the  glass  is  fixed  to  the  in* 
dex  by  the  screw  C ;  the  other  screw  serves  to  replace 
\t  in  a  perpendicular  position,  if  by  any  accident  it 
has  been  deranged,  as  will  be  seen  hereafter. 

The  index  glass  is  often  divided  into  two  parts,  the 
one  silvered,  the  other  black,  with  a  small  screen  la 
front.  A  single  black  surface  has  indeed  some  ad* 
vantages ;  but  if  the  glasses  be  well  selected,  there 
is  little  danger  to  be  apprehended  of  error,  from  e 
want  of  parallelism ;  more  is  to  be  feared  from  the 
surfaces  not  being  flat. 
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Of  the  horizon  glasses  F,  G.  Ou  the  radius  A  B 
of  the  octant^  are  two  small  speculums.  The  sur- 
face of  the  upper  onie  is  parallel  to  the  index  glass^ 
when  the  counting  division  of  the  index  is  at  o^  on 
the  arc ;  but  the  surface  of  the  lower  one  is  perpeuT 
dicukr  to  the  index  glass,  when  the  index  is  at  o  de- 
grees on  the  arc ;  these  mirrors  receive  the  reflected 
rays  of  the  object  from  the  index  glass^  and 
transmit  them  to  the  observer's  eye. 

The  horizon  gUsses  are  not  entirely  quicksilvered: 
the  upper  one  F,  is  only  silvered  on  its  lower  part, 
or  that  half  next  the  quadrant,  the  other  half  being 
transparent,  and  the  back  jiart  of  the  frame  is  cut 
away,  that  nothing  may  impede  the  sight  through 
tlie  unsilvered  part  of  the  glass.  The  edge  of  the 
foil  of  this  glass  is  nearly  parallel  to  the  plane  of  the 
instrument^  and  ought  to  be  very  sharp,  and  without 
a  flaw. 

The  other  horizon  glass  G,  is  silvered  at  both 
ends;  in  the  middle  there  is  a  transparent  slit, 
through  which  the  horizon,  or  other  object,  may 
be  seen. 

Each  of  these  glasses  is  set  in  a  brass  frame,  to 
^'hich  there  is  an  axis ;  this  axis  passes  through  the 
wood-work,  and  is  fitted  to  a  lever  on  the  under  side 
pf  the  quadrant;  by  this  lever  the  glass  may  be 
turned  a  few  degrees  on  its  axis,  in  order  to  set  it 
parallel  to  the  index  glass.  The  lever  has  a  con- 
trivance  to  turn  it  slowly,  anii  a  button  to  fix  it..  To 
set  the  glasses  perpendicular  to  the  plane  of  the 
quadrant,  there  are  two  sunk  screws,  one  before  and 
one  behind  each  ^lass ;  these  screws  pass  through 
the  plate,  on  which  the  frame  is  fixed,  into  another 
plate,  so  that  by  loosening  one,  and  tightening  the 
other  of  these  screws,  tlie  direction  of  thu  frame, 
with  its  mirror,  may  be  altered,  and  thus  be  set 
perpendicular  to  the  plane  of  the  instrument; 

Of  ike  shades,  or  dark  glasses^  K.  There  are  two 
red  or  dark  glasses,  and  one  green  one  i  tliey  are 
'    '         •  1        ■ 
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used  to  prevent  the  bright  rays  of  the  sun^  or  the 
glare  of  the  moon,  from  hurting  the  eye  at  the  time 
of  observation.  They  are  each  of  them  set  in  a 
brass  frame^  which  turns  on  a  centre,  so  that  they 
may  be  used  separately,  or  together,  as  the  bright- 
ness of  the  sun  may  require.  The  green  glass  may 
be  used  also  alone,  if  the  sun  be  very  faint;  it  h 
also  used  for  taking  the  altitude  of  the  moon,  and  in 
ascertaining  her  distance  from  a  fixed  star. 

When  these  glasses  ai^e  used  for  the  fore  observa- 
tion, they  are  fixed  as  at  K  in^g.  1 ;  when  used  for 
the  back  observation,  they  are  removed  to  N. 

Of  the  two  sight  ^vajies  H,  1.  Each  of  these  vanes 
is  a  perforated  piece  of  brass,  designed  to  direct  the 
sight  parallel  to  the  plane  of  the  quadrant  That 
which  is  fixed  at  I,  is  used  for  thefore^  the  other  for 
the  back  observation. 

The  vane  I  has  two  holes,  one  exactly  at  the  height 
of  the  quicksilvered  edge  of  the  horizoh  glass,  the 
other  somewhat  higher,  to  direct  the  sight  to  the 
middle  of  the  transparent  part  of  the  mirror,  for 
those  objects  which  are  bright  enough  to  be  reflected 
from  the  unsilvered  part  of  the  mirror. 

Of  the  divisions  on  the  liinb^of  the  qttadrant,  and 
of  the  nonius  on  the  index.  For  a  description  of 
these  divisions,  see  page  122. 

Directions  to  hold  the  instrument.  It  is  recom- 
mended to  support  the  weight  of  tlie  instrument  by 
the -right  hand^  and  reserve  the  leflt  to  govern  the  in- 
dex. Place  the  thumb  of  the  right  hand  against  the 
edge  of  the  quadrant,  under  the  swelling  part  on 
which  the  fore  sight  I  stands,  extending  the  fingers 
across  the  back  of  the  quadrant,*so  as  to  lay  hold  on 
the  opposite  edge,  placing  the  fore  finger  above,  and 
the  other  fingers  below  the  swelling  part,  or  near  the 
fore  horizon  glass  ;  thus  you  may  support  the  instru- 
ment conveniently,  in  a  vertical  position,  by  the 
right  hand  only ;  by  resting  the  thumb  of  the  left 
bantd  against  the  ^ide^  or  the  fingers  against  th« 
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middle  bar^  you  may  move  the  index  gradually 
either  way. 

In  the  back  observation,  the  instrument  should 
be  supported  by  the  left  hand,  and  the  index  be 
governed  by  the  right. 

Of  the  axis  of  vision,  or  line  of  sight.  Of  the  two 
objects  which  are  made  to  coincide  by  this  instru- 
ment, the  one  is  seen  directly  by  a  ray  passing 
through,  the  *  other,  by  a  ray  reflected  from,  the 
same  point  of  the  horizon  glass  to  the  eye.  This  ray 
is  called  the  visual  ray ;  but  when  it  is  considered 
merely  as  a  line  drawn  from  the  middle  of  the  hori* 
zon  glass  to  the  eye-hole  of  the  sight  vane,  it  is 
called  the  axis  of  vision. 

The  axis  of  a  tube,  or  telescope,  used  to  direct 
the  sight,  is  also  called  the  axis  of  vision. 

The  quadrant,  if  it  be  held  as  before  directed,  may 
be  easily  turned  round  between  the  fingers  and 
thumb,  and  thus  nearly  on  a  line  parallel  to  the  axis 
of  vision  ;  thus  the  plane  of  the  quadrant  will  pass 
through  the  two  objects  when  an  observation  is 
made,  a  circumstance  absolutely  necessary,  and 
which  is  more  readily  effected  when  the  instrumenjt 
is  furnished  with  a  telescope  ;  within  the  telescope 
are  two  parallel  wires,  which  by  turning  the  eye  glass 
tube  may  be  brought  parallel  to  the  plane  of  the 
quadrant,  so  that  by  bringing  the  object  to  the  mid- 
dle between  them,  you  are^^rtain  of  having  the  axis 
of  vision  parallel  to  the  plane  of  the  quadrant. 

OF   THE   NECESSARY   ADJUSTMENTS. 

It  is  a  peculiar  excellence  of  Hadley*s  quadrant, 
that  the  errors  to  which  it  is  liable  are  easily  detected, 
and  soon  rectified ;  the  observer  may,  therefore,  if 
he  will  be  attentive,  always  put  his  instrument  in  a 
state  fit  for  accurate  observation.  The  importance 
of  this  instrument  to  navigation  is  self-evident ;  yet 
much  of  this  importance  depends  on  the  accuracy 
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vriih  which  it  is  made,  and  the  necessary  attention  of 
the  observer;  and  one  would  hardly  think  it  possible 
that  any  observer  would,  to  save  the  trifling  sum  of 
one  or  two  guineas,  prefer  an  imperfect  instrument 
to  one  that  was  rightly  constructed  and  accurately 
made ;  or  that  any  consideration  should  induce  him 
to  neglect  the  adjustments  of  an  instrument,  on 
whose  truth  he  is  so  highly  interested.  But  such  is 
the  nature  of  man !  he  is  too  apt  to  be  lavish  on  bau- 
bles^ and  penurious  in  matters  of  consequence  ;  ac- 
tive about  trifles,  indolent  where  his  welfare  and  hap- 
piness are  concerned.  The  adjustments  for  the  fore 
observation  are,  X*  To  set  the  fore  horizon  glass  pa- 
rallel to  the  index  glass  ;  this  adjustment  is  of  the 
utmost  importance,  and  should  always  be  made  pre- 
vious to  actual  observation.  The  second  is,  to  see 
that  the  plane  of  this  glass  is  perpendicular  to  the 
plane  of  the  quadrant.  3.  To  see  that  the  index 
glass  is  perpendicular  to  the  plane  of  the  instrument. 
To  adjust  the  fore  horizon  glass.  This  rectifica- 
tion is  deemed  of  such  importance,  that  it  is  usual  to 
speak  of  it,  as  if  it  included  all  the  rest,  and  to  call  it 

ADJUSTING    THE     INSTRUMENT.      It    is    SO    tO    placo 

the  horizon  glass,  that  the  index  may  shew  upon  the 
arc  the  true  angle  between  the  objects :  for  this  pur- 
pose,  set  the  index  line  of  the  nonius  exactly  against 
o  on  the  Umb,  and  fix  it  there  by  the  screw  at  the  un- 
der side.  Now  look  through  the  sight  I  at  the  edge 
of  the  sea,  or  some  very  distant  well-defined  small 
object.  The  edge  of  the  sea  will  be  seen  directly 
through  the  un silvered  part  of  the  glass,  but  by  re- 
flection in  the  silvered  part.  If  the  horizon  in  the 
silvered  part  exactly  meets,  and  forms  one  continued 
line  with  that  seen  through  the  unsilvercd  part,  then 
is  the  instrument  said  to  be  adjusted,  and  the  horizon 
glass  to  be  parallel  to  the  index  glass.  But  if  the  ho- 
rizons do  not  coincide,  then  loosen  the  milled  nut 
on  the  under  side  of  the  quadrant^  and  turn  the  ho* 
rizon  glass  on  its  axis,  by  means  of  the  adjusting  le- 
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«er,  till  you  have  made  them  perfectly  coincide  t 
then  fix  the  lever  firmly  in  the  situation  thus  ob- 
tained^ by  tightening  the  milled  nut.  This  adjust- 
loent  ought  to  be  repeated  before  and  after  every  as- 
tronomical observation. 

So  important  is  this  rectification,  thut  experienced 
observers,  and  those  who  are  desirous  of  being  very 
accurate,  will  not  be  content  with  the  preceding  mode 
of  adjustment,  but  adopt  another  method,  which  is 
usually  called  finding  the  index  error ;  a  method  pre- 
ferable to  the  foregoing  both  for  ease  and  accuracy. 

Tojind  the  index  error.  Instead  of  fixing  the  in- 
dex at  o,  and  moving  the  horizon  glass,  till  the  image 
of  a  distant  object  coincides  with  the  same  object  seen 
directly;  let  the  horizon  glass  femainjixed,  and  move 
the  index  till  the  image  and  object  coincide ;  then  ob- 
serve whether  the  index  division  on  the  nonius  agrees 
with  the  o  line  on  the  arc ;  if  it  does  not,  the  num- 
ber by  which  they  differ  is  a  quantity  to  be  added  to 
the  observation,  if  the  index  line  is  beyond  the  o  on 
the  limb';  but  if  the  index  line  of  the  nonius  stands 
between  O  and  QO  degrees,  then  this  error  is  to  be 
jubtracted  from  the  observation.* 

We  have  already  observed,  that  the  part  of  the 
arc  beyond  o,  towards  the  right  hand,  is  called  the 
arc  of  excess ;  and  that  the  nonius,  when  at  that  part, 
must  be  read  the  contrary  way,  or,  which  is  the  same 
thing,  you  may  read  them  off  in  the  usual  wa3%  and 
then  their  complement  to  20  min.  will  be  the  real 
number  of  degrees  and  minutes  to  be  added  to  the 
observation* 

To  make  the  inde.v  glass  andjore  horizon  glass  per'- 
pendicular  to  the  plane  of  the  instrument •    Though 

*  TiMt  adjustment  may  be  made  more  accuratelj,  or  the  error 
better  found,  by  using  the  sun  instead  of  the  horizon  ;  but  this 
method  re<juires  anotiier  set  of  dark  glasses,  to  darken  the  direct 
rajs  of  the  sun ;  such  a  set  is  applied  to  the  best  instruments^ 
•nd  this  method  of  adjustment  is  explained  in  the  following  de- 
SGriptioo  of  the  sj&s^tant 
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these  ftdjuitments  are  neither  so  necessary  nor  ioi* 
portaQt  a$  the  preceding  one ;  yet,  as  after  l^ing 
once  performed,  they  do  not  require  to  be  repeated 
for  a  constderuble  time,  and  as  they  add  to  the  accu- 
ncf  of  observation^  th^  oi;^ht  not  to  be  neglected  \ 
and  further,  a  knowledge  of  them  enables  the  ma* 
riner  to  examine  and  form  a  proper  judgment  of  his 
instrument. 

To  adjust  the  index  glass.  This  adjustment  con* 
sists  in  setting  the  plane  of  the  index  glass  perpendi* 
cular  to  that  of  the  instrument. 

Method  1.  By  means  of  the  two  adjusting  tool^^ 
represented  at  Jig.  2  and  3,  which  are  two  wooden 
frames,  with  two  lines  on  each,  exactly  at  the  same 
distance  from  the  bottom. 

Place  the  quadrant  in  an  horizontal  position  on  a 
table,  put  the  index  about  the  middle  of  the  arc,  turn 
back  the  dark  glasses,  place  one  of  the  above-men- 
tioned tools  near  one  end  of  the  arc,  the  other  at  the 
opposite  end,  the  side  with  the  lines  towards  the  in- 
dex glass ;  then  look  down  the  index  glass,  directing 
the  sight  parallel  to  the  plane  of  the  instrument,  you 
will  see  one  of  the  tools  by  direct  vision,  the  other 
by  reflection  in  the  mirror ;  by  moving  the  index  a 
little,  they  may  be  brought  exactly  together.  If  the 
lines  coincide,  the  mirror  is  rightly  fixed ;  if  not,  it 
must  be  restored  to  its  proper  situation  by  loosening 
the  screw  c,  and  tightening  the  screw  d ;  or  vice 
verstty  by  tightening  the  screw  c,  and  releasing  the 
gcrew  d. 

Method  2.  Hold  the  quadrant  in  an  horizontal 
position,  with  the  index  glass  close  to  the  eye ;  look 
pearly  in  a  right  line  down  the  glass,  and  in  such  a 
nianner  that  you  may  see  the  arc  pf  the  quadrant 
by  direct  view  and  by  reflection  at  the  same  time. 
}S  they  join  in  one  direct  line,  and  the  arc  seen  by 
reflection  forms  an  exact  plane  with  the  arc  seen  by 
direct  view^  the  glass  is  perpendicular  to  the  pUne  of 
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the  quadrant ;  if  not,  the  error  must  be  rectified  by 
altering  the  position  of  the  screws  behiiid  the  frame^ 
MS  directed  above. 

To  ascertain  whether  the  fore  horizon  glass  be  per- 
pendicular  to  the  plane  of  the  instrument.  Having 
adjusted  the  index  and  horizon  glasses  agreeable  to 
the  foregoing  directions,  set  the  index  division  of  the 
nonius  exactly  against  o  on  the  limb ;  hold  the  plane 
of  the  quadrant  parallel  to  the  horizon,  and  observe 
the  image  of  any  distant  object  at  land,  or  at  sea  the 
horizon  itself;  if  the  image  of  the  horizon  at  the 
edge  of  the  silvered  part  coincide  with  the  object  seen 
directly,  the  glass  is  perpendicular  to  the  plane  of  the 
instrument.  If  it  fall  above  or  below,  it  roust  be  ad- 
justed. If  the  image  seen  by  reflection  be  higher 
than  the  object  itself  seen  directly,  release  the  fore 
screw  and  tighten  the  back  screw  ;  and,  vice  versa^ 
if  the  image  seen  by  reflection  be  lower,  release  the 
back  screw  and  screw  up  the  fore  one ;  and  thus  pro- 
ceed till  both  are  of  an  equal  height,  and  that  by 
moving  the  index  you  can  make  the  image  and  ihe  * 
object  appear  as  one. 

Or,  adjust  the  fore  horizon  glass  as  directed  in 
page  249 ;  then  incline  the  quadrant  on  one  side  as 
much  as  possible,  provided  the  horizon  continues  to 
be  seen  in  both  parts  of  the  glass.  If,  when  the  in- 
strument is  thus  inclined,  the  edge  of  the  sea  con- 
tinues to  form  one  unbroken  line,  the  quadrant  is 
perfectly  adjusted  ;  but  if  the  reflected  horizon  be 
separated  from  that  seen  by  direct  vision,  the  specu- 
lum is  not  perpendicular  to  the  plane  of  the  quad- 
rant. And  if  the  observer  is  inclined  to  the  rights 
with  the  face  of  the  quadrant  upwards,  and  the  re- 
flected sea  appears  higher  than  the  real  sea,  you  must 
slacken  the  screw  before  the  horizon  glass,  and 
lighten  that  which  is  behind  it ;  but  if  the  reflected 
sea  appears  lower,  the  contrary  must  be  performed. 

Care  must  be  always  taken  in  these  adjustments  to 
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loosen  one  screw  before  the  other  is  screwed  up,  and 
to  leave  the  adjusting  screws  tight,  or  so  as  to  draw, 
with  a  moderate  force  against  each  other. 

This  adjustment  may  be  also  made  by  the  sun» 
moon,  or  star ;  in  this  case  the  quadrant  may  be  held 
in  a  vertical  position  ;  if  the  image  seen  by  reflfL^ction 
appears  to  the  right  or  left  of  the  object  seen  directly, 
then  the  glass  must  be  adjusted  as  before  by  the  two 
screws. 

OF  TIIE  ADJUSTMENTS  FOR  THE  BACK  OBSERVATION. 

The  back  observation  is  so  called,  because  the  back 
is  turned  upon  one  of  the  two  objects  whose  angular 
distance  is  to  be  measured. 

The  adjustment  consists  in  making  the  reflected 
image  of  the  object  behind  the  observer  coincid^e  with 
another  seen  directly  before  him,  at  the  same  time 
that  the  index  division  of  the  nonius  is  directly 
against  the  o  division  of  the  arc. 

The  method,  therefore,  of  adjusting  it  consists  in 
measuring  the  distance  of  two  objects  nearly  180  de» . 
grees  apart  from  each  other;  the  arc  passing  through 
each  object  must  be  measured  in  both  its  parts,  and 
if  the  sum  of  the  parts' be  36o  degrees,  the  speculums 
are  adjusted  ;  but,  if  not,  the  axis  of  the  horizon  glass 
must  be  moved  till  this  sum  is  obtained. 

Set  the  index  as  far  behind  o  as  twice  the  dip*  of 
the  horizon  amounts  to ;  then  look  at  the  horizon 
through  the  slit  near  G,  and  at  the  same  time  the  op- 
posite edge  of  the  sea  will  appear  by  reflection  in- 
verted, or  upside  down.  By  moving  the  lever  of  the 
axis,  if  necessary,  the  edg^s  may  be  made  to  coincide, 
and  the  quadrant  is  adjusted. 

There  is  but  one  position  in  which  the  quadrant 
am  be  held  with  the  limb  downwards,  without  caus-^ 

*  This  is  according  to  tlie  height  of  the  observer's  eye  abover 
the  sta.    See  Robertun^M  Navigation,  or  Mackatft  Navigation.  • 
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ing  the  reflected  horizon  to  cross  the  part  §teti  hy 
direct  vision. 

If^  oil  trml^  ikv^  poMtion  be  found  to  be  that  in 
which  the  plane  of  the  quadrant  \t  perpctiAciilar  to 
the  horizon^  no  farther  adjustment  is  necessaiy  than 
the  fore-mentioned  one ;  but  if  the  horizons  cross 
each  other  when  the  quadrant  is  held  upright,  ob« 
nerve  which  part  of  the  reflected  horizon  is  lowest. 

If  the  right-hand  paft  be  lowest,  the  sunk  screw 
which  is  before  the  horizon  glass  must  be  tightened 
after  slackening  that  which  is  behind  the  glass ;  but 
if  the  right  hand  is  highest,  the  contrary  must  be 
performed ;  this  adjustment  is,  however^  of  much 
less  importance  than  the  preceding,  as  it  does  not  so 
much  sdfTect  the  angle  measured. 

INCONVENIENCES   AND   INACCURACIES    OF  THE   BACK 

OBSERVATION. 

The  occasions  on  which  the  back  observation  i» 
to  be  used  are,  when  the  altitude  of  the  sun  or  a  star 
is  to  be  taken,  and  the  fore  horizon  is  broken  bjr  ad- 
jacent shores ;  or  when  the  angular  distance  between 
the  moon  and  sun,  or  a  star,  exceeds  QO  d^rees,  and 
is  required  to  be  measured  for  obtaining  the  longi-* 
tude  at  sea :  but  there  are  objections  to  its  use  in 
both  cases ;  for  if  a  known  land  lie  a  few  miles  to  the 
north  or  southward  of  a  ship,  the  latitude  may  be 
known  from  its  bearing  and  distance,  without  having 
recourse  to  observation :  and  again^  if  the  distance  of 
the  land  in  miles  exceed  the  number  of  minutes  in 
the  dip,  as  is  almost  always  the  case  in  coasting  along 
an  open  shoi^,  the  horizon  will  i>ot  be  broken,  and 
the  fore  observation  may  be  used ;  and  lastly,  if  the 
land  be  too  near  to  use  the  fore  observation,  its  ex- 
treme points  will  in  general  be  so  far  asunder^  as  to 
prevent  the  adjustment,  by  taking  away  the  back  ho* 
rizon.  In  the  case  of  measuring  the  angnlar  dts- 
tancel  of  the  heavenly  boduis^  the  very  great  aocu* 
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racy  required  in  these  observations,  makes  it  a  thatter 
of  importafice  that  the  adjustments  should  be  Well 
made,  and  frequently  examined  into.  But  the  quan<« 
tity  of  the  dip  is  varied  by  the  pitching  and  rolling 
of  the  ship ;  and  this  variation,  which  is  perceptibie 
in  the  measuring  altitude  by  the  fore  observation,  is 
doubled  in-  the  adjustment  for  the  back  observation^ 
and  amounts  to  several  mfnutes.*  It  is  likevirise  ex*- 
ceedingly  difficult,  in  a  ship  under  way,  to  hold  the 
quadrant  for  any  length  of  time,  so  that  the  two  ho-^ 
rizons  do  not  cross  each  other,  and  in  the  night  the 
edge  of  the  sea  cannot  be  accurately  distinguished. 
All  these  circumstances  concur  to  render  the  adjust^ 
ment  uncertain  ;  the  fore  observation  is  subject  to 
none  of  these  inconveniences*  "* 


DESCRIPTION,  USE, 

AND   METHOD  OF  ADJUSTING 

HADLEY'S  SEXTANT. 


As  the  taking  the  angular  distanced  of  the  moon 
and  the  sun,  or  a  star,  is  one  of  the  best  and  most 
accurate  methods  of  discovering  the  longitude,  it  was 
necessary  to  enlarge  the  arc  of  the  octant  to  the  sixth 
part  of  a  circle ;  but  as  the  observations  for  deter- 
mining the  longitude  must  be  made  with  the  utmost 
accuracy,  the  framing  of  the  instrument  was  also  al- 
tered, that  it  might  be  rendered  more  adequate  to  the 
solution  of  this  important  problem.  Hence  arose  the 
present  construction  of  the  sextant,  in  the  description 
of  which,  it  is  presumed  that  the  foregoing  pages  have 
been  read,  as  otherwise  we  should  be  obliged  to  n> 
peat  the  same  observations. 

*  Nicl^olton's  Navigator*!  Assistant. 
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Sextants  are  mostly  executed  (some  trifling  varla^ 
tions  excepted)  on  two  plans }  in  the  one,  all  the  ad-- 
justments  are  left  to  the  observer;  he  has  it  in  his 
power  to  examine  and  rectify  every  part  of  his  in- 
strument* This  mode  is  founded  on  this  general 
principle,  that  the  parts  of  no  instrument^can  be  so 
fixed  as  to  remain  accurately  in  the  same  position 
they  had  when  first  put  out  of  the  maker^s  hands ; 
and  that  therefore  the  principal  parts  should  be  made 
moveable,  that  their  positions  may  be  examined  and 
rectified  from  time  to  time  by  the  observer. 

In  the  second  construction,  the  principal  adjust- 
ment, or  that  of  the  horizon  glass  for  the  index  error, 
'  is  rejected;  and  this  rejection  is  grounded  upon  two 
reasons : 

1.  That  from  the  nature  of  the  adjustment  it  fre- 
quently happens  that  a  sextant  will  alter  even  during 
the  time  of  an  observation,  without  any  apparent 
cause  whatever,  or  without  being  sensible  at  what 
period  of  tlie  observation  such  alteration  took  place, 
and  consequently  the  observer  is  unable  to  allow  for 
the  error  of  adjustment. 

2.  That  this  adjustment  is  not  in  itself  sufficiently 
-^                           exact,  it  being  impossible  to  adjust  a  sextant  with 

the  same  accuracy  by  the  coincidence  of  two  images 
of  an  object,  as  by  the  con  tact  of  the  limbs  thereof? 
and  hence  experienced  and  accurate  observers  have 
always  directed  the  index  error  to  be  found  and  al- 
lowed for,  which  renders  the  adjustment  to  the  hori- 
zon glass  in  this  direction  useless  ?  for  it  is  easy  to 
place  it  nearly  pa^rallel  to  the  index  glass,  when  the 
instrument  is  made,  and  then  to  fix  \tjinnly  in  that 
position  by  screws.  The  utility  of  this  method  is 
confirmed  by  experience  :  many  sextants,  whose  in- 
dices had  been  determined  previous  to  their  being 
carried  out  to  India,  have  been  found  to  remain  the 
same  at  their  return. 

Notwithstanding  the  probable  certainty  of  the  ho- 
rizon glass  remaining  permanently  in  its  situation. 
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tbe  observer  ought  from  time  to  time  to  examine  the 
index  error  of  his  instrument,  to  see  if  it  remains  the 
same ;  or  make  the  proper  allowances  for  it^  if  any 
alteration  should  have  taken  place. 

One  material  point  in  the  formation  of  a  sextant  is 
so  to  construct  it,  that  it  may  support  its  own  weigh t, 
a!nd  not  be  liable  to  bend  by  any  inclination  of  the 
plane  of  the  instrument,  as  every  flexure  would  alter 
the  relative  position  of  the  mirrors,  on  which  the 
determination  of  an  angle  depends. 

Besides  the  errors  now  mentioned,  to  which  the 
sextant  or  quadrant,  &c.  is  liable,  there  is  another 
which  seems  inseparable  from  the  construction  and 
ipaterials  of  the  instrument,  and  have  been  noticed  by 
several  skilful  observers.  It  arisen  from  the  bending 
and  elasticity  of  the  index^  and  the  resistance  it  meets 
with  in  turning  round  its  centre. 

To  obviate  this  error,  let  the  observer  be  careful 
always  to  finish  his  observations,  by  moving  the  index 
in  the  same  direction  which  was  used  in  setting  it  to 
O  for  adjusting,  or  in  finding  the  index  error. 

The  direction  of  the  motion  is  indeed  indifferent ; 
but  as  the  common  practice  in  observing  is  to  finish 
the  observations  by  a  motion  of  the  index  in  that  di- 
rection which  increases  the  angle,  that  is,  in  the  fore 
observation  from  O  towards  QO,  it  would  be  well  if 
the  observer  would  adopt  it  as  a  general  rule,  to 
finish  the  motion  of  the  index,  by  pushing  it  fix>mL 
him,  or  turning  the  screw  in  that  direction  which 
carries  itfarther  fromhim.  By  finishing  the  motion  of 
the  index,  we  mean  that  the  last  motion  of  the  in-^ 
dex  should  be  for  some  minutes  of  a  degree  at  least 
in  the  required  direction. 

DESCRIPTION   OF  THE   SEXTANT. 

Fig.  4,  plate  IQ,  represents  the  best  sextant  of 
brass,  so  framed,  as  not  to  be  liable  to  bend.  The 
arc  A  A,  it^  divided  into  120^,  each  degree  is  divided 
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into  three  parts^  or  20  minutes,  which  are  again  sub- 
divided by  the  nonius  into  every  half  minute,  or  30 
seconds :  see  the  nature  of  the  nonius,  and  the  gene- 
ral rule  for  estimating  the  value  thereof,  in  the  pre- 
ceding part  of  these  Essays.  Every  second  division 
or  minute  on  the  nonius,  is  cut  longer  than  the  in- 
termediate ones.  The  nonius  is  numbered  at  every 
fifth  of  these  longer  divisions,  from  the  right  towards 
the  left,  with  5,  10,  15,  and  20,  the  first  division  to- 
wards the  right  hand  being  to  be  considered  as  the 
index  division.  I A  the  radius  of  the  sextant  is  now 
generally  made  about  8  or  10  inches^  and  the  arc 
A  A  is  best  of  silver.  '  >^ 

In  order  to  observe  with  accuracy,  and  make  the 
images  come  precisely  in  contact,  an  adjusting  screw 
B  is  added  to  the  index,  which  may  be  moved  with 
greater  accuracy  than  it  can  by  hand ;  but  this  screw 
does  not  act  until  the  index  is  fixed  by  the  finger 
screw  C.  Care  should  be  taken  not  to  force  the  ad- 
justing  screw  when  it  arrives  at  either  extremity  of 
its  adjustment.  When  the  index  is  to  be  moved  any 
considerable  quantity,  the  screw  C  at  the  back  of  the 
sextant  must  be  loosenetf ;  but  when  the  index  is 
brought  nearly  to  the  division  required,  this  back 
screw  should  be  tightened,  and  then  the  index  may 
be  moved  gradually  by  the  adjusting  screw.  A  small 
shade  is  sometimes  fixed  to  that  part  of  the  index 
where  the  nonius  is  divided,  this  being  covered  with 
white  paper,  reflects  the  light  strongly  upon  the 
divisions. 

There  arc  four  tinjjed  glasses  at  D,  each  of  which 
is  set  in  a  separate  frame  turning  on  a  centre  :  they 
are  used  to  screen  and  save  the  eye  from  the  bright- 
ness of  the  solar  ima^re,  and  the  glare  of  the  moon, 
and  may  be  used  8epai*ately,  or  together^  as  occasion 
requires. 

There  are  three  more  such  glasses  placed  behi&d 
the  horizon  glass  at  E,  to  weaken  the  rays  of  the  s«in 
#r  moon,  when  tliey  are  viewed  directly  tiirougfh 
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tbe  horii^on  gla^s.  The  paler  glass  is  sometimes 
us^d  in  observing  altitudes  at  sea^  to  take  off  the 
f^pg  gl^re  of  the  horizon. 

The  frame  of  the  index  glass  I,  is  firmly  fixed  by 
a  strong  cock  to  the  centre  plate  of  the  index.  Th^ 
horizon  glass  F,  is  fixed  on  a  frame  that  turns  on  th« 
.axes  or  pivots^  which  move  in  an  exterior  frame  :  the 
holes  in. which  the  pivots  move  maybe  tightened  by 
four  screws  in  the  exterior  frame  ;  G  is  a  screw  by 
which  the  horizon  glass  may  be  set  perpendicular  to 
the  plane  of  the  instrument ;  should  this  screw  be- 
come loose^  or  move  too  easy,  it  may  be  easily  tight- 
ened by  turning  the  capstan  headed  screw  H,  which 
is  pn  one  side  the  socket,  through  which  the  stem  of 
the  finger  screw  passes. 

The  sextant  is  furnished  with  a  plain  tube,^^-.  7, 
witjiout  any  glasses ;  and  to  render  the  objects  still 
more  distinct,  it  has  also  two  achromatic  telescopes, 
one^  Jig.  5,  shewing  $he  objects  erect,  or  in  their  na^» 
tural  position;  the  longer  one.  Jig.  6,  shews  them  in- 
verted. It  has  a  large  field  of  view,  and  other  ad- 
vantages ;  and  a  little  use  will  soon  accustom  the  ob- 
server to  the  inverted  position,  and  the  instrument 
will  be  as  readily  managed  by  it  as  by  the  plain  tube 
jonly.  By  a  telescope,  the  contact  of  the  images  is 
more  perrectly  distinguished ;  4ind  by  the  place  of  the 
images  in  the  field  of  the  telescope,  it  is  easy  to  per- 
ceive whether  the  sextant  is  held  in  the  proper  plane 
for  observation.  By  sliding  the  tube  that  contains 
the  eye  glasses  in  the  inside  of  the  other  tube,  the 
image  of  the  object  is  suited  to  different  eyes,  and 
made  to  appear  perfectly  distinct  and  well  defined. 

The  telescopes  are  to  be  screwed  into  a  circular 
ring  at  K;  this  ring  rests  on  two  points  agfiinst  an 
exterior  ring,  and  is  held  theixto  by  two  sciows :  by 
loosening  one,  and  tightening  the  other,  the  axis  of  the 
tclesccqpe  may  be  set  parallel  to  the  plane  of  the  sex- 
Aont.  The  exterior  ring  is  fixed  on  a  triangular  brass 
«tem  tbaft  slides  in  a  socket,  and  by  means  of  a  screir 

U2 


l60  DESCRIPTION  OF 

at  the  back  of  the  sextant,  may  be  raised  or  lowered 
so  as  to  move  the  centre  of  the  telescope  to  point  to 
that  part  of  the  horizon  gla^s  which  shall  be  judged 
the  most  fit  for  observation.  Fig.  8,  is  a  circular 
head,  with  tinged  glasses  to  screw  on  the  eye  end  of 
either  of  the  telescopes,  or  the  plain  tube.  The  glas- 
ses are  contained  in  a  circular  plate,  which  has  four 
holes ;  three  of  these  are  fitted  with  tinged  glasses, 
the  fourth  is  open.  By  pressing  the  finger  against 
the  projecting  edge  of  this  circular  plate,  and  turning 
it  round,  the  open  hole,  or  any  of  the  tinged  glassed, 
may  be  brought  between  the  eye  glass  of  the  teles- 
cope and  the  eye. 

Fig.  9,  a^mall  screw  driver.  Fig.  10,  a  magnify- 
ing glass,  to  read  off  the  divisions  by. 

To  find  the  index  errer  of  the  sextant.  To  find 
the  index  error,  is,  in  other  words,  to  shew  what 
number  of  degrees  ?ind  minutes  is  indicated  by  the 
nonius,  when  the  direct  and  reflected  images  of  an 
object  coincide  with  each  other. 

The  most  general  and  most  certain  meUiod  of  as- 
certaining this  error,  is  to  measure  the  diameter  of 
the  sun,  by  bringing  the  limb  of  its  image  to  coin- 
cide with  the  limb  of  the  sun  itself  seen  directly, 
both  on  the  quadrantal  arc,  and  on  the  arc  of  excess. 

If  the  diameter  taken  by  moving  the  index  forward 
on  the  quadrantal  arc  be  greater  than  iliat  taken  on 
the  arc  of  excess,  then  half  the  difference  is  to  be 
subtracted;  but  if  the  diameter  taken  on  the  arc  of 
excess  be  greater  than  that  by  the  quadrantal  arc, 
half  the  difference  is  to  be  added.  If  the  numbers 
shewn  on  the  arc  be  the  same  in  both  cases,  the  glas- 
ses are  truly  parallel,  and  there  is  no  index  error; 
but  if  the  numbers  be  different,  then  half  the  differ- 
ence is  the  index  error.* 

*  In  other  words  the  difference  between  the  degree  and  minute 
shewn  by  the  index ;  iirsty  when  the  lower  reflected  limb  of  the 
sun  18  exactly  in  contact  with  the  upper  limb  of  the  sun ;  and  se- 
condly, when  the  upper  edge  of  the  image  is  in  contact  with  t^e 
lower  edge  of  the  object,  divided  by  2,  will  be  the  index  error. 
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It  18  however  to  be  observed,  that  when  the  index 
is  .on  the  arc  of  excess,  or  to  the  right  of  O,  the  com- 
plement of  the  numbers' shewn  on  the  nonius  to  20 
ought  to  be  set  down. 

Several  observations  of  the  sun's  diameter  should 
l^  made,  and  a  mean  taken  as  the  result,  which  will 
give  the  index  error  to  very  great  exactness* 

Example.  Let  the  numbers  of  minutes  shewn  by 
the  index  to  the  right  of  zero,  when  the  limbs  of  the 
two  images  are  in  contact,  be  20  minutes,  and  the 
odd  number  shewn  by  the  nonius  be  5,  the  comple- 
ment of  this  to  20  is  1 5,  which,  added  to  20,  gives 
35  minutes ;  and,  secondly,  that  the  number  shewn 
by  the  index,  when  on  the  left  of  zero,  and  the  oppo« 
sit«  limbs  are  in  contact,  be  20  minutes,  and  by  the 
nonius  9'  30^',  which  make  together  29'  30^ ;  this 
subtracted  from  35'  gives  5'  30*^,  which  divided  by 
2,  gives  2'  45''  for  the  .index  error;  and  because  the 
greatest  of  the  two  numbers  thus  found  was,  when 
the  index  was  to  the  right  of  the  O,  thi^  index  error 
must  be  added  to  the  number  of  degrees  shewn  on 
the  arc  at  the  time  of  an  observation. 

To  set  the  horizon  glass  perpendicular  to  the  plane 
of  the  sextant.  Direct  the  telescope  to  the  sun,  a  star, 
or  any  other  well-defined  object,  and  bring  the  direct 
object  and  reflected  image  to  coincide  nearly  with 
each  other^  by  moving  the  index ;  then  set  the  two 
images  parallel  to  the  plane  of  the  sextant,  by  turn- 
ing the  screw,  and  the  images  will  pass  exactly  over 
each  other,  and  the  mirror  will  then  be  adjusted  in 
this  direction. 

To  set  the  axis  of  the  telescope  parallel  to  the 
plane  of  the  sextant.  We  have  already  observed, 
that  in  measuring  angular  distances,  the  Ijne  of 
sight,  or  plane  of  observation,  should  be  parallel  to 
the  plane  of  the  instrument,  as  a  deviation  in  that 
respect  will  occasion  great  errors  in  the  observation, 
and  this  is  most  sensible  in  large  angles :  to  avoid 
these,  a  telescope  is  made  use  of^  in  whos^  field 
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there  are  placed  two  wires  iparallel  to  .each  other^  Aid 
equidistant  from  the  centre.  These  wires  may  be 
placed  parallel  to  jthe  plane  of  the  sextant^  by  turn- 
ing the  eye  glass  tube,  and,  consequently,  by  bring- 
ing the  object  to  tlie  middle  between  them,  the  ob- 
server may  be  certain  of  having  the  axis  of  vision 
parallel  to  the  plane  of  the  quadrant. 

To  adjust  the  telescope.  Screw  the  telescope  in  its 
place,  and  turn  the  eye  tube  round,  that  the  wir^s  in 
the  focus  of  the  eye  glass  may  be  parallel  to  the  pknc 
of  the  instrument ;  then  seek  two  objects,  as  the  sun 
and  moon,  or  the  moon  and  a  star,  wliose  distance 
should,  for  this  purpose,  exceed  90  dcgretis ;  the  dis- 
tance  of  the  sun  and  moon  is  to  be  taken  great,  be- 
cause the  same  deviation  of  the  axis  ^ill  cause  ir 
greater  error,  and  will  consequently  be  inore  teslty 
discovered.  Move  the  index,  so  as  to  bring  the  liftib^ 
of  the  sun  and  moon,  if  they  are  made  use  of,  ekat;t- 
ly  in  contact  with  that  wire  which  is  nearest  to  the 
plane  of  the  sextant ;  fix  the  index  there  ;  then,  by 
altering  a  little  the  position  of  your  instrument,  make 
the  images  appear  on  the  wire  furthest  froto  the  sex-* 
tant.  If  the  nearest  limbs  be  now'preciSely  Hi  con- 
tact, as  they  were  before,  then  the  a:xis  of  the  tekk- 
cope  is  in  its  right  situation.  But  if  the  limbs  of  the 
two  objects  appear  to  separate  at  the  Wire  that  is 
furthest  from  the  plane  of  the  instnlriient,  it  shewi 
that  the  object  end  of  the  telescope  inclines  towards 
the  plane  of  the  instrument,  and  taust  be  re(*tifled  by 
tightening  the  screw  nearest  the  sextant,  hiaiving  pre* 
viously  unturned  the  screw  furthest  from  it.  If  tho 
images  overlap  each  other  at  the  wire  forthest  from 
the  sextant,  the  object  end  of  the  telescope  is  inclined 
from  the  plane  of  the  sextant,  and  the  highest  screliv 
must  be  turned  towards  the  right,  and  the  lowest 
screw  towards  the  left :  by  repeating  this  operatioti  & 
few  times,  the  contact  will  be  Jjr^cisely  the  same  at 
both  M'ires,  and  consequently  the  axis  of  the  telesc^pi^ 
>iU  be  paraltcl  to  the  plane  of  the  instrument. 
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To  ejcamine  the  glasses  of  a  sextant,  or  quadrant^ 
1 .  To  firjd  whether  the  two  surfaces  of  any  one  of 
Jiie  reflecting  glasses  be  pamllel,  ^PP^y  y^^^  ^y^  ^ 
one  end  of  it,  and  observe  the  image  of  some  object 
reflected  very  obliquely  from  it ;  if  that  image  ap- 
pears singly,  and  well  defined  about  the  edges,  it  is  a 
proof  that  the  surfaces  are  parallel :  on  the  contrary, 
if  the  edge  of  the  reflected  image  fippears  misted,  as 
if  it  threw  a  shadow  from  it,  or  separated  like  two 
edges,  it  is  a  proof  that  the  two  surfaces  of  the  gla^s 
are  inclined  to  each  other :  if  the  image  in  the  spe- 
culum, particularly  if  that  image  be  the  sun,  b^ 
viewed  through  a  small  telescope,  the  examination 
will  be  more  perfect. 

2.  To  find  whether  the  surface  of  a  reflecting  glass 
be  plane.  Choose  two  distant  objects,  nearly  on  ^ 
level  with  each  others  hold  the  instrument  in  an 
horizontal  position,  view  thejeft  hand  object  directly 
through  the  transparent  part  of  the  horizon  glass,  and 
move  the  index  till  the  reflected  image  of  the  other 
is  seen  below  it  in  tlie  silvered  part ;  make  the  two 
images  unite  just  at  the  line  of  separation,  then  tuni 

•the  instrument  round  slowly  on  its  own  plane,  sp  as 
to  make  the  united  images  move  along  the  line  of 
separation  of  the  horizon  glass.  If  the  images  con- 
tinue united  without  receding  from  each  other,  or  va- 
rying their  respective  position,  the  reflecting  surface 
is  a  good  plane. .  The  observer  must  be  careful  that 
he  does  not  give  the  instrument  a  motion  about  the 
axis  of  vision,  as  that  will  cause  a  separation  if  the 
planes  be  perfect. 

3.  To  find  if  the  two  surfaces  of  a  red  or  darken- 
ing glass  are  parallel  and  perfectly  plane.  It  is  diffi* 
cult,  nay,. almost  impossible^  to  procure  the  shades 
perfectly  parallel  and  good ;  they  will  therefore,  ac- 
cording to  their  different  combinations,  give  differ- 
ent altitudes  or  measures  of  the  sun  and  moon« 

The  best  way  to  discover  the  error  of  the  shades,  is 
to  take  the  sun's  diameter  with  a  piece  of  smoked 
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glass  before  your  telescope,  all  the  vanes  being 
mofed  ;  then  take  away  the  smoked  glass,  and  view 
the  snn  through  each  shade  and  the  several  centbi- 
nations  thereof.  If  the  two  images  still  remain  in 
contact,  the  glasses  are  good ;  but  if  they  separate, 
the  error  is  to  be  attributed  to  the  dark  glasses,  which 
roust  cither  be  changed,  or  the  error  found  in  each 
combination  must  be  allowed  for  in  the  observations^ 
If  you  use  the  same  dark  glasses  in  the  observation 
as  in  the  adjustment,  there  will  be  no  error  in  the 
observed  angle-* 

or   HADLET*S   SEXTANT,   AS   USED   IN    SURVETING, 

No  instrument  can  be  so  conveniently  used  for 
taking  angles  in  maritime  surveying  as  Hadley's  sex- 
tant. It  is  used  with  equal  facility  at  the  mast  faead^ 
as  upon  deck,  by  which  its  sphere  of  observation  is 
much  extended :  for,  supposing  many  islands  to  be 
visible  from  the  mast  head,  and  only  one  from  deck, 
/  no  usefiil  observation  can  be  made  by  any  other  in- 
strument. But  by  this,  angles  may  be  taken  at  the 
mast  head  from  the  one  visible  object  with  great  ex- 
actness ;  and  further,  taking  angles  from  heights,  as 
hills,  or  a  ship's  mast  head,  is  almost  the  only  way 
of  exactly  describing  the  figure  and  extent  of  the 
shoals. 

It  hsis  been  objected  to  the  iise  of  Hadley's  sextant 
for  surveying,  that  it  docs  not  measure  the  horizon- 
tal angles,  by  which  alone  a  plan  can  he  laid  down. 
This  observation,  however  true  in  theory,  may  he 
pbviated  in  practice  by  a  little  cautionl 

,  *  The  dark  glasses  are  generally  left  free  to  turn  in  their  cells ; 

so  that,  after  one  obserYation  has  been  made,  turning  either  of 
them  half  iiomidy  another  observation  mavbe  had,  and  half  the 
fUfferencc  thus  given  is  the  error  of  the  glass. 

The  Rrflrcting  Circle  which  has  lately  been  used  by  very  nice 
and  expert  observers,  contains  the  arcs  of  three  sextants  or  an 
entire  circle,  giving  the  advantage  of  repeating  the  same  observa- 
tion on  different  parts  of  the  limb,  and  thereby  discovering  mi« 
)iute  errors,  that  may  exist  in  the  centre  or  the  divisions*  Edit^ 
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If  an  angle  be  measured  between  an  object  on  an 
elevation,  and  another  near  to  it  in  a  hollow,  the  dif^ 
ference  between  the  base,  which  is  the  horizonta* 
angle,  and  the  hypothenuse,  which  is  the  angle  ob^ 
•served,  may  be  very  great :  but  if  these  objects  are 
measured,  not  from  each  other,  but  from  some  very 
distant  object,  the  difference  between  the  angles  cf 
each  from  the  very  distant  object  will  be  very  near 
the  same  as  the  horizontal  angle.  This  may  be  still 
further  corrected,  by  measuring  the  angle,  not  be- 
tween an  object  on  a  plane  and  an  object  on  an  ele- 
vation, but  {between  the  object  on  a  plane  and  some 
object  in  the  same  direction  as  the  elevated  object,  of 
which  the  eye  is  sufficiently  able  to  judge. 

Ex.  To  observe  the  horizontal  angle^  or  angular ' 
distance  between  two  objects.  First,  adjust  the  sex- 
tant, and  if  the  objects  are  not  small,  fix  on  a  sharp 
top,  or  comer,  or  some  small  distinct  part  in  each  to 
observe ;  then,  having  set  the  index  to  O  deg.  hold 
the  sextant  horizontally,  as  above  directed,  and  as 
nearly  in  a  plane  passing  through  the  two  objects  as 
you  can ;  direct  the  sight  through  the  tube  to  the 
left  hand  object,  till  it  is  seen  directly  through  the 
transparent  part  of  the  horizon  glass ;  keeping  that 
object  still  in  sight,  then  move  the  index  till  the 
other  object  is  seen  by  reflection  in  the  silvered  part 
of  the  horizon  glass ;  then  bring  both  objects  toge- 
ther by  the  index,  and  by  the  inclination  of  the 
plane  of  the  sextant  when  necessary,  till  they  unite 
as  one,  or  appear  to  join  in  one  vertical  line  in  the 
middle  of  the  line  which  divides  thq  transparent  and 
reflecting  parts  of  the  horizon  glass ;  the  two  objects 
thus  coinciding,  or  one  appearing  directly  below  the 
other,  the  index  then  shews  on  the  limb  the  angle 
which  the  two  objects  subtend  at  the  naked  eye. 
This  angle  is  always  double  the  inclination  of  the 
planes  of  the  two  reflecting  glasses  to  ope  another ; 
and,  therefore,  every  degree  and  minute  the  index 
is  actually  moved  from  O,  to  bring  the  two  objects 
together,  the  angle  subtended  by  them  at  the  eye 
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will  be  twice  that  number  of  degrees  and  minuter, 
and  is  accordingly  numbered  so  on  the  arc  of  the 
sextant ;  which  is  really  an  arc  of  6o  degrees  only^ 
but  graduated  into  ]  20  degrees,  as  before  observed. 

The  angle  found  in  this  manner  between  two  ob- 
jects that  are  near  the  observer^  is  not  precise ;  and 
may  be  reckoned  exact  only  when  the  objects  arc 
above  half  a  mUe  off.  For,  to  get  the  angle  truly 
exact,  the  objects  should  be  viewed  from  the  centre 
of  the  iudex  glass,  and  not  where  the  sight  vane  is 
placed  ;  therefore,  except  the  objects  are  86  remote, 
that  the  distance  between  the  index  glass  and  sight 
vane  vanishes,  or  is  as  nothing  compared  to  it,  the 
angle  will  not  be  quite  exact*  This  inaccuracy  in 
the  angle  between  near  objects  is  called  the  parallax 
tyf  the  instrument,  and  is  the  angle  which  the  distance 
between  the  index  glass  and  sight  vane  subtends  at 
any  near  object.  It  is  so  small,  that  a  surveyor  will 
seldom  have  occasion  to  regard  it :  but  if  it  shall 
happen  that  great  accuracy  is  required,  let  himdiooae 
a  distant  object  exactly  in  a  line  with  each  of  the  nei^r 
ones,  and  take  the  angles  between  them,  smd  that 
will  be  the  true  angle  between  the  near  objects^  Or, 
observe  the  angle  between  near  objects,  when  the 
sextant  has  been  first  properly  adjusted  by  a  distant 
object ;  then  adjust  it  by  the  left  hand  object,  which  • 
wilt  bring  the  index  on  the  arc  of  excess  beyond  O 
degrees;  add  that  excess  to  the  angle  found  between 
the  objects,  and  the  sum  will  be  the  true  angle  be- 
tween thim.  If  one  of  the  objects  is  near,  and  the 
other  distant,  ajid  no  remote  object  to  be  found  in  a 
line  with  the  near  one,  adjust  the  sextant  to  the  near 
object,  and  then  take  the  angle  between  them^  and 
the  parallax  wiir  be  found. 

Etvample.  To  measure  the  horizontal  angle  ABC, 
Jig.  19,  plate  9,  with  the  sextant. 

1 .  Set  up  such  marks  at  A  and  C,  as  may  be  seen 
when  you  are  standing  at  B.  2.  Set  O  on  the  index 
to  coincide  with  O  on  the  quadrantal  arc.  3.  Hold 
the  sextant  in  an  horizontal  position,  look  through 
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ttie  sight  and  horizon  glass  at  the  mark  A,  and  ob- 
gerve  whether  the  image  is  directly  under  the  objeetf 
if  not,  move  the  index  till  they  coincide.  A.  If  tho 
index  division  of  the  nonius  is  on  the  arc  of  excess^ 
the  indicted  quantity  is  to  be  added  to  the  observed 
aifigie ;  but  if  it  be  on  the  quadrantal  arc^  the  quoa*» 
tity  indicated  is  to  be  subtracted :  let  us  suppose  five 
to  be  Added.  5.'  Now  direct  the  sight  through  the 
tfatidpai'ent  part  of  the  horizon  glass  to  A^  keep  that 
object  ifi  View,  move  the  index  till  theobject  C  is  seen 
by  tefledtion  in  the  silvered  part  of  the  borizon  glass* 
6.  Th6  objects  being  now  both  in  view,  nibve  the  in- 
dex till  they  unite  as  one,  or  appear  in  one  vertical 
line,  and  the  index  will  shew  the  angle  subtended  at 
the  eye  by  th^L*  two  objects :  suppose  7  S*'  20',  to  which 
add  5' for  the  inddx  error,  and  you  obtain  75°  %b\  t\m 
angle  requited ;  if  the  angle  be  greater  ^an  120**, 
which  seldom  happens  in  practice,  it  may  be  subdi^ 
vided  by  marks,  and  then  measured. 

No  instrument  can  be  tnore  convenient  or  expedi- 
tious  tb^n  the  sextant,  for  setting  of  offsets.  Adjust 
the  in$ttmment  and  set  the  index  to  go  degrees; 
walk  along  the  station  line  with  the  octant  in  your 
hand^  always  directing  the  sight  to  theiartherstatioa 
staff;  let  tbeassistant  V9alk  along  the  bpundaxy  line; 
then,  ifyouwi6h  to  make  an  offset  from  a  given  point 
in  the  station  line,  stop  at  that  place,  and  wait  till 
ydU  feee  your  assistant  by  reflection,  he  is  then  at  the 
point  in  the  boundary  through  which  that  oflbet 
passes ;  on  the  other  hand,  if  you  wish  lan  offset 
from  a  given  point  or  bend  in  the  boundary,  let  the 
assistant  stop  at  that  place,  and  do  you  walk  on  in 
^the  station  line  till  you  see  the  assistant  by  reflcctioti 
in  the  octant,  and  that  will  be  the  point  where  an 
bflfset  from  the  proposed  point  or  bend  will  fall. 

T!Tie  manner  of  using  this  instrument  for  the  solu- 
tion of  those  astronomical  problems  that  are  necessary 
in  surveying,  &c.  will  be  shewn  in  its  proper  place. 
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HESCRIPTTOK  OF  A  NEW  POCKET  BOX  SEXTANT,  ASV 
AN  ARTIFICIAL  HO&IZON^*  BY  THE  EDITOIL 

Fig.  11,  plale  19,  is  a  representation  of  a  vciy 
convenient  pocket  sextant,  and  contains  a  material 
improvenient  on  the  reflecting  cross  staff  before  de-» 
acnhi*d,  see  fig.  4,  plate  14.  In  military  operations^ 
as  well  as  tngonometrical  ones,  it  has  been  found  of 
very  essential  service^  A  B  a  round  brass  box  ttiree 
inches  in  diameter,  and  one  inch  deep.  A  C  is  the 
index  turning  an  index  glass  within  the  box :  a,  a, 
are  the  two  outside  ends  of  the  screws  that  confine 
an  horizon  glass  also  within  the  box.  An  angle  is 
observed  by  the  sight  being  directed  through  an  hole 
in  the  side  of  the  box  about  D,  upon  and  through 
the  horizon  glass  and  tlie  second  opening  at  £,  and 
the  angle  is  read  off  to  one  minute  by  the  divided  arc 
and  nonius  F,  G,  H.  By  sliding  a  pin  prqecting  on 
the  side  of  the  box,  a  dark  glass  is  brought  before 
the  sight  hole,  not  shewn  in  the  figure;  by  pushing 
the  pin  at  6,  a  dark  screen  for  the  sun  is  interposed 
between  the  index  and  horizon  glasses.  I  is  an  end* 
less  screw,  sometimes  applied  to  give  a  very  accurate 
motion,  like  the  tangent  screw  to  the  index  of  a 
sextant.  Or  a  racked  arc  and  pinion  may  be  applied 
at  about  c,  d,  which  I  think  in  some  respects  better. 

The  following  table  is  sometimes  engraved  up^n 
the  cover  that  goes  over  the  box  when  shot  up.  By 
the  sextant  being  set  to  any  of  the  angles  contained 
in  this  table,  an  height  or  distance  of  accessible  or 
inaccessible  objects  is  obtained  in  a  very  simple  and 
i^xpeditious  manner. 

*  Plate  19,  fig.  IS,  represents  a  portable  and  muTcrsal  hnm 
stand  for  supporting  occasionally  a  sextant  or  reflecting  circle, 
which  with  the  horizon  packs  into  a  flat  {Aortable  case. 

•  •  • 
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AiuL 

Angle. 

Angle. 

Div. 
1 

1 

45*  Oa 

45*  W 

2 

65  26 

26  34 

2 

8 

71  S4 

18  26 

3 

4 

75  58 

14  02 

4 

5 

78  41 

11  19 

5 

6 

80  32 

9  28 

6 

8 

82  52 

7  08 

8 

10 

84.  17 

5  43 

10 

Make  a  max k  upon  the  object,  if  accessible,  equal 
to  the  height  of  your  eye  from  the  ground.  Set  the 
indeix  to  any  of  the  angles  from  this  table,  and  walk 
from  the  object,  till  the  t^p  is  brought  by  the  glasses 
to  coincide  with  the  mark ;  then,  if  the  angle  be 
greater  than  45°,  multiply  the  distance  by  the  corre- 
sponding figure  to  the  angle  in  the  table  ;  if  it  be 
less,  divide,  and  the  product,  or  quotient,  will  be  the 
height  of  the  object  above  the  mark.  If  the  object 
be  inaccessible,  set  the  index  to  the  greatest  angle  in 
the  table  that  the  least  distance  from  the  object  will 
admit  of,  when  by  moving  backwards  and  forwards, 
till  the  top  of  the  object  is  brought  to  a  level  with  the 
eye,  and  at  this  place  set  up  a  mark  equal  to  the 
height  of  the  eye*  Then  set  the  index  to  any  of  the 
lesser  angles,  and  go  backwards  in  a  line  from  the 
object,  till  the  top  is  made  to  appear  on  the  level  with 
the  eye,  or  mark  before  set;  set  here  another  mark, 
measure  the  distance  between  the  two  marks,  and  this 
divided  by  the  diQerence  of  the  figures  in  the  last 
column,  against  the  angle  made  use  of,  the  quotient 
will  give  the  height  of  the  object  above  the  height  of 
the  eye,  or  mark.  For  the  distance^  multiply  the 
height  of  the  object  by  the  numbers  against  cither  of 
the  angles  made  use  of,  and  the  product  will  be  the 
distance  of  the  object  from  the  place  where  such 
angle  was  used. 

If  the  index  is  set  at  45^  the  distance  is  tlie  height 
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of  the  object,  and  vice  versa.  The  index  set  to  90* 
becomes  a  reflecting  cross  staiT,  and  is  used  accord- 
ing to  the  directions  in  page  267-  See  also  page  204. 
The  sextants^  as  before  described  by  the  author, 
of  the  best  kind,  are  aiade  of  brass^  or  other  metal* 
The  radii  now  most  approved  of  are  from  six  to  tea 
inches,  their  arcs  accurately  divided  by  an  engine, 
and  the  nonii  shewing  the  angles  to  30,  15,  or  even 
10  seconds ;  but  the  fine  divisions  of  the  latter  are 
liable  to  be  obliterated  by  thg  frequent  cleaning  of 
the  instrument. 

THE  ARTIFICIAL  HOEIZON. 

a 

In  many  cases  it  happens  that  altitudes  are  to  be 
taken  on  laud  by  the  sextant ;  which,  for  want  of  a 
natural  horizon,  can  only  be  obtained  by  an  artificial 
one.  There  have  been  a  variety  of  these  sort  of 
instruments  made^  but  the  kind  now  to  be  described 
is  allowed  to  be  the  only  one  that  can  be  depended 
upon.  Fig\  12,  plate  19,  represents  the  horizon  fixed 
up  for  use.  A  is  a  wood  or  metal  framed  roof  con- 
taining two  true  parallel  glasses  of  about  .5  by  S-J- 
inches,  fixed  not  too  tight  in  the  frames  of  the  roof. 
This  serves  to  shelter  from  tlie  air  a  wooden  trough 
filled  with  quicksilver.  In  making  an  observation 
by  it  with  the  sextant,  the  reflected  image  of  the 
sun,  moon,  or  other  object,  is  brought  to  coincide 
with  the  same  object  reflected  from  the  glasses  of  the 
sextant ;  half  the  angle  shewn  upon  the  limb  is  the 
altitude  above  the  horizon  or  level  required.  It  is 
necessary  in  a  set  pf  observations  that  the  roof  be 
always  placed  the  same  way.  'When  done  with,  the 
roof  folds  up  flat-ways,  and,  with  the  quicksilver  in 
a  bottle,  &c.  is  packed  into  a  portable  flat  case. 

TO   SITKYEY  WITH   THE   CHAIN   ONLY. 

The  difficulties  that  occur  in  measuring  with  ao* 
mracy  jbl  straight  line^  render  thiis  method  of  wvr^ji^ 
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log  altogether  insufficient  for  measnring  a  piece  of 
ground  of  any  extent;  it  would  be  not  only  «x* 
tremely  tedious,  but  liable  to  many  errors  that  could 
not  be  detected ;  indeed  there  are  very  few  situatioiis. 
where  it  could  be  used  without  King's  szirveying 
quadrant ^  or  some  substitute  for  it  Tiie  method 
IS  indeed  in  itself  so  essentially  defective^  that  tho9e 
who  have  praised  it  most^  have  been  forced  to  call 
in  some  instrument,  as  the  surveying  cross  and 
optical  square,  to  their  aid.  Little  more  need  be 
said,  as  it  is  evident,  as  well  from  the  nature  of  the* 
subject^  as  from  the  practice  of  the  most  eminent 
aurveyors,  that  the  measuring  of  fields  by  the  chain 
can  only  be  proper  for  level  ground  and  tmalt^ 
enclosures;  and  that  even  then,  it  is  better  toga 
round  the  field  and  measure  the  angles  thereof, 
taking  offsets  from  the  station  lines  to  the  fences. 
That  this  work  may  not  be  deemed  imperfect^  we 
shall  introduce  an  example  or  two  selected  from 
somtf  of  the  best  writers  on  the  subject ;  observing, 
however,  that  fields  that  are  plotted  from  measured 
iineSy  ere  always  plotted  nearest  to  the  truth,  when 
those  lines  form  at  their  junction  angles  that  ap* 
proach  nearly  to  a  right  angle. 

E^vample  l .  To  survey  the  triangular  field  ABC, 
fig.  22,  plate  9,  by  the  chain  and  cross.  Set  up 
marks  at  the  comers,  then  begin  at  one  of  them,  and 
measure  from  A  to  B,  till  you  imagine  that  you  are 
near  the  point  D,  where  a  perpendicular  would  fall 
from  the  angle  C^  then  letting  the  chain  lie  in  the 
line  A  B,  fix  the  cross  at  D,  so  as  to  see  through  one 
pair  of  the  sights  the  marks  at  A  and  B ;  then  look 
through  the  other  pair  towards  C,  and  if  you  see  the 
marks  there^  the  cross  is  at  its  right  place ;  if  uot, 
you  must  move  it  backwards  and  forwards  on  the 
lift^AB,  till  you  see  the  mark  at  C,  and  thus  find 
the  point  D  ;  place  a  mark  at  D,  set  down  in  your 
field  book  the  distance  AD,  and  complete  the 
measure  of  A  B^  by  measuring  from  JD  to  B^  11  •41*. 
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Set  down  this  measure,  then  return  to  D,  and  mca? 
sure  the  perpendicular  D  C,  6 A3.  Having  obtained 
the  base  and  perpendicular,  the  area  is  readily 
found :  it  is  on  this  principle  that  irregular  fields 
may  be  surveyed  by  the  chain  and  cross ;  the  theo- 
dolite, or  Hadlej/s  sextant,  may  even  here  be  used 
to  advantage  for  ascertaining  perpendicular  lines. 
Some  authors  have  given  the  method  of  raising  per- 
pendiculars by  thp  chain  only ;  the  principle  is 
good^  but  the  practice  is  too  operose,  tedious,  and 
even  inaccurate  to  be  used  in  surveying ;  for  the- 
method,  see  Geometry  on  the  Ground, 

Example  2.     To  measure  the  four-sided  figures^ 
A  B  C  D,  fg.  34,  plate  g. 


A£ 

214 

DE    210 

AF 

362 

1 

BF    306 

AC 

592 

Measure  either  of  the  diagonals,  a^  A  C,  and  the 
two  perpendiculars  D  £,  B  F,  as  in  the  last  problem, 
which  give^  you  the  above  data  for  completing  the 
figure. 

Example  3.  To  survey  the  irregular  field,^^.  22, 
plate  13.  Having  set  up  marks  or  station  staves 
wherever  it  may  be  necessary,  walk  over  the  ground, 
and  consider  how  it  can  be  most  conveniently  divided 
into  triangles  and  trapeziums,  and  then  measure 
them  by  the  last  two  problems. 

It  is  best  to  subdivide  the  field  into  as  few  separate 
triangles  as  possible,  but  rather  into  trapeziums,  by 
drawing  diagonals  from  corner  to  comer,  so  that  the 
perpendicular  may  fall  within  the  figure :  thus  the 
figure  is  divided  into  two  trapeziums  A  B  C  G, 
GDEF,  and  the  triangle  GCD.  Measure  the. 
diagonal  AC,  and  the  two  perpendiculars  GM, 
B  N,  then  the  base  G  C,  and  the  perpendicular  D  q; 
lastly,  the  diagona^^D  F,  and  the  two  perpendiculars, 
p  E,  O  G,  and  yoU  have  obtained  sufficient  for  your 
purpose. 
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We  have  already  given  our  opinion  of  this  instru- 
menty  and  shewn  how  far  only  it  can  be  depended 
upon  where  accuracy  is  required ;  tnat  tnere  are 
many  cases  where  it  may  be  used  to  advanta^^e,  there 
is  no  doubt ;  that  it  is  an  expeditious  mode  of  survey- 
ing, is  allowed  by  all.  I  shall,  therefore,  here  lay 
down  the  general  modes  of  survey ing  with  it,  leaving 
it  to  the  practitioner  to  select  those  best  adapted  to 
bis  peculiar  circumstances,  recommending  him  to 
use  the  modes  laid  down  in  Example  3,  in  preference 
to  others,  where  they  may  be  readily  applied.  He* 
will  also  be  a  better  judge  than  I  can  be,  of  the  ad- 
vantages of  Mr.  Break's  method  of  using  the  plain 
table. 

Exatnple  1.  To  take  by  the  plain  table  the  plot 
of  a  piece  of  land  A  B  C  D  ^yjig-  36,  plate  9,  at  one 
station  near  the  middle,  from  whence  all  the  corners 
maybe  seen. 

Let  RTS  V,  Jig,  37,  plate  9,  represent  the  plain 
table  covered  with  a  sheet  of  paper,  on  which  the 
plan  of  the  field,^^.  36,  is  to  be  drawn ;  go  round 
the  field,  and  set  up  objects  at  all  the  corners  there- 
of; then  put  up  and  level  your  plain  table,  turning  it 
about  till  the  south  point  of  the  needlepoints  to  the 
N.  point,  or  36o^  m  the  compass  box ;  screw  the 
table  fast  in  that  position,  and  then  draw  a  line  P  p 
parallel  to  one  of  the  sides  for  a  meridian  line.  Now 
choose  some  point  on  the  paper  for  your  station  line, 
and  make  there  a  fine  hole  with  a  small  circle  of 
black  lead  round  it ;  this  is  to  represent  the  station 
point  on  the  land,  and  to  this  the  edge  of  the  index 
is  td  be  applied  when  directed  to  an  object. 

Thus,  apply  the  edge  of  the  index  to  the  point  0, 
and  direct  the  sight  to  the  object  at  A,  when  thi^ 
is  cut  by  the  hair,  draw  a  blank  line  along  the  cham- 
fered edge  of  the  index  from  0  towards  A,  after  this 
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move  the  index  it>und  the  point  0  as  a  centre,  til) 
you  have  successively  observed  through  the  sights, 
the  several  marks  at  A,  B,  C,  D,  E ;  and  when  these 
marks  coincide  with  the  sights,  draw  blank  or  ob- 
scure lines  by  the  edge  of  the  index  to  ©.  Now 
meiasnre  the  distance  from  the  station  point  on  the 
ground  to  each  of  the  objects,  and  set  off  by  your 
scale,  which  should  bfeas  large  as  your  paper  will  ad- 
mit of,  these  measures  on  their  respective  lines ;  join 
the  points  A  B,  B  C,  C  D,  D  E,  E  A,  by  lines  for 
the  boundaries  of  the  field,  which)  if  the  work  be 
properly  executed,  will  be  truly  represented  on  the 
paper. 

'  N.  B.  It  is  necessary,  before  the  lines  are  irtfea- 
sured,  to  find  by  a  plumb-line  the  place  on  the 
ground  under  the  mark  0  on  the  paper,  and  to  place 
an  arrow  at  that  point. 

E.vample  2.  Let  Jig.  33,  plate  9,  represent  the 
piece  of  ground  to  be  surveyed  fi'om  one  station 
point,  whence  all  the  angles  may  be  seen,  but  not  so 
near  the  middle  as  in  the  foregoing  instance  ;  go 
round  the  field,  and  set  up  your  objects  tit  all  the  cor- 
ners, then  plant  the  table  where  they  may  all  be  con- 
veniently deen ;  and  if  in  any  place  a  near  object  and 
one  more  remote  are  in  the  same  line,  that  situation 
fs  to  be  preferred.  Thus,  in  the  present  case,  as  at 
0,  g  coincides  with  //,  and  c  with  b ;  tlie  table  it 
planted  thereon,  making  the  lengthway  of  the  table 
correspond  to  that  of  the  field.  Make  your  point* 
hole  and  circle  to  represent  the  place  of  thte  table  on 
rtie  land,  and  apply  the  edge  of  the  inde^  thereto,  so 
as  to  see  through  the  slit  the  mark  at  a  cut  by  the 
hair;  then  with  your  pointrel  draw  a  blank  line  from  ^ 
-0  towards  ay  do  the  same  by  viewing  through  the 
sights  the  several  marks  c,  rf,  e,  jT,  g^  keeping  the 
edge  bf  the  index  always  close  to  0,  and  drawing 
blank  lines  from  0  tov^^ards  each  of  these  marks. 
'  Find  by  a  plumb-line  the  place  on  the  ground  tm- 
dor  0  on  the-  paper,  and  from  this  point  mda»urc  the 
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distances  first  to  g^  and  proceed  on  in  the  same  line 
to  hy  writing  doira  their  lengths  as  you  come  to  each ; 
then  go  to  a,  and  measure  from  it  to  0,  then  set  off 
from  your  scale  the  respective  distance  of  each  on  its 
proper  line ;  after  this,  measure  to  c^  and  continue  on 
the  line  to  b^  and  set  off  their  distances ;  then  meai- 
sure  from  Q  to  d,  and  from  e  to  0 ;  and,  lastly,  from 
0  to  f^  and  set  off  their  distances.  Ttien  draw  lin^r 
in  ink  from  each  point  thus  found  to  the  next  for 
boundaries,  and  a  line  to  cross  the  whole  for  a  meri« 
dian  line. 

Fig.  33,  may  be  supposed  ta  be  two  fields,  and 
the  table  to  be  planted  in  the  N.  £.  angle  of  the 
lower  field,  where  the  other  angles  of  both  fields 
may  be  obaerved  and  measured  to. 

Example  3.  To  survey  a  field  represented  stjig. 
82,  plate  9,  by  going  round  the  same  either  within 
or  without,  taking  at  the  same  time  c^sets  to  the 
boundaries ;  suppose  inside. 

Set  up  marks  at  a,  6,  c,  tf^ at  a  small  distance  from 
the  edges,  but  at  those  places  which  you  intend  to 
make  your  station  points. 

Tb^,  beginning  at  0,  plant  your  instrument 
tliere,  and  having  adjusted  it,  make  a  fine  point  0  1 
on  that  part  of  the  paper,  where  it  will  be  most  pro« 
bable  to  get  the  whole  plan,  if  not  too  lai^e^  in  one 
sheet ;  place  the  index  to  0  1 ,  and  direct  the  sight 
to  the  mark  at  0  6,  draw  a  blank  line  from  0  l  to 
0  6,  then  direct  the  index  to  the  tree  near  the  mid- 
dle of  the  fields  and  afterwards  to  the  mark  at  0  2, 
then  dig  a  hole  in  the  ground  under  0  1  in  the  plan, 
and  taking  up  the  table,  set  up  an  object  in  it  exact- 
ly upright,  and  measure  from  it  towards  0  2,  and 
find  that  perpendicular  against  218,  the  oflset  to  the 
angle  at  the  boundary  is  157  links,  which  set  off  in 
the  plan;  then  measuring  on  at  375  the  offset  is  but 
6,  and  continues  the  same  to  698,  at  both  which  set 
off  <$  in  the  plan  ;  then  measure  on  to  0  2,  and  find 
she  whole  1041  links,  which  set  off  in.tbe  blank  line 
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drawn  for  it,  and  mark  it  O  ^ ;  then  taking  out  the 
object,  plant  the  table  to  have  0  2  over  the  hole, 
when  placed  parallel  to  what  it  was  at  0  I  ;  that  is, 
the  edge  of  the  index-ruler  touching  both  stations, 
the  hair  must  cut  the  object  at  0  1 ,  and  then  screw 
it  fast. 

Now  setting  up  objects  in  the  by*angles  a  and  by 
first  turn  the  index  to  view  that  at  a^  and  draw  a 
blank  line  from  0  2  towards  it ;  then  do  the  same 
towards  &»  0  3  and  the  tree,  which  last  crossing  that 
drawn  towards  it  from  0  ] ,  the  intersection  deter- 
mines the  place  of  the  tree,  which  being  remarkable, 
as  seen  from  all  the  stations,  mark  it  in  the  plan  ; 
then  measure  to  <z  412  links,  and  from  b  353,  and  set 
them  off  in  the  blank  lines  drawn  towards  them;  then 
set  off  the  distance  to  the  boundaries  in  the  two  sta- 
tion lines  produced,  viz.  151  in  the  next  produced 
backwards,  and  1 5  in  the  first  produced  forwards ; 
after  this,  draw  the  boundaries  from  the  angle  where 
the  first  offset  was  made  to  the  next,  and  so  on  round 
by  a,  by  through  the  15 J  to  the  next  angle;  then, 
taking  up  the  table,  fix  again  the  object  as  before, 
and  measure  on  the  0  3,  which  set  off  564  links,  and 
the  offset  to  the  angle  in  the  boundary  27,  and  then 
draw  the  boundary  from  it  through  the  15  to  the  an- 
gle at  meeting  that  last  drawn. 

Now,  taking  out  the  object  at  0  3,  plant  the  table 
so  as  to  have  0  3  over  the  hole,  when  placed  parallel 
to  what  it  was  at  the  former  stations,  and  screwed 
fast ;  then  turn  the  index  to  make  the  edge  touch 
the  place  of  the  tree  and  0  3  in  the  plan,  and  find- 
ing the  hair  cuts  the  tree,  tuni  the  index  to  view  0  4, 
«ind  draw  a  blank  line  towards  it;  then  taking  up  the 
table,  fix  the  object  as  before,  and  measure  on  to  0 
4,  which  set  off  47 1  links,  and  the  of&et  23,  and 
draw  the  boundary  from  the  last  angle  through  it  to 
the  next ;  then  measure  on  in  the  station  line  pro- 
duced to  the  next  boundary  207  links,  and  the  dis- 
tance of  0  Ay  from  the  nearest  place  in  the  same 
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boundary  173,  both  which  set  off  and  draw  the 
boundary  from  this  last  through  the  207  to  the 
angle. 

Now,  taking  out  the  mark,  plant  the  table  to  have 
O  4  over  the  hole,  when  screwed  fast  in  tlie  same  pa- 
rallelism as  at  the  other  stations  ;  then,  after  view- 
ing again  the  tree,  turn  the  index  to  view  o  5,  and 
draw  a  blank  line  towards  it ;  then  taking  up  the 
table,  fix  the  object  as  before,  and  measuring  on  to- 
wards ©  5,  at  225  the  nearest  place  of  the  boundary 
is  distant  121,  which  setoff  bearing  forwards^  as  the 
figure  shews ;  at  388  the  perpendicular  offset  is  Q, 
and  at  71^  it  is  ]2,  both  which  set  off*  in  your 
plan ;  then  measure  on  to  O  5,  and  set  it  off  at 
012  links. 

Take  out  the  mark^  plant  the  table  to  have  O  6 
over  the  hole,  when  screwed  fast  in  the  same  paral- 
lelism as  before ;  then  set  up  objects  in  the  by- 
angles  c  and  dj  and  after  viewing  the  tree,  turn  the 
index  to  view  the  objects  at  c,  rf,  and  O  6,  and  draw 
a  blank  line  towards  each  ;  then  measure  to  c  159, 
and  from  d  245,  both  which  set  off*  in  your  plan,  and 
also  the  distance  to  the  boundary  in  the  next  station 
line  produced  backward  95  ;  and  now  make  up  the 
boundary  round  by  the  several  offsets  to  the  angles 
c  diXidd;  then  taking  up  your  table,  fix  the  object  a< 
before,  and  measuring  towards  ©  6,  find  at  l&l  the 
offset  is  32,  which  set  oft';  measure  on  to  ©  6,  and 
$et  it  off  at  708,  and  the  offset  from  it  to  the  boun-^ 
dary  is  36  links. 

Finding  the  blank  line  drawn  from  ©  1  to  inter- 
sect the  point^hole  here  made  for  ©  6,  do  not  plant 
the  table  at  Q  6,  but  begin  measuring  from  it  to« 
wards  ©  1,  and  finding  at  right  angles  to  the  line  at 
©  6,  the  offset  to  the  angle  is  42,  set  that  off  in  your 
plan;  then  measuring  to©  1,  582,  which,  measur- 
ing the  same  by  the  scale  in  the  plan,  proves  the 
truth  of  the  work ;  the  offset  is  here  also  42,  which 
set  off^  and  draw  the  boundary  from  d,  round  by  t^ 
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several  offsets,  through  this  last  to  the  angle  ;  then 
measure  on  in  the  station  line  produced  to  t!ie  next 
boundary  88  links^  and  set  that  off  also,  and  draw 
the  boundary  from  the  angle  at  the  first  offset,  taken 
through  it  at  the  angle  at  meeting  the  last  boundary; 
and  then  if  a  meridian  line  be  orawn^  as  in  the  for- 
mer, the  rough  plan  is  completed. 

But  if  O  6  had  not  met  in  the  intersection,  or  its 
distance  from  ©  1  been  too  much,  or  too  little,  you 
would  very  likely  have  all  your  work,  except  the  off- 
sets, to  measure  and  plot  over  again. 

"The  plain  table  surveyors^  says  Mr.  Gardiner^ 
when  they  find  their  work  not  to  close  right,  do  of- 
ten close  it  wrong,  not  only  to  save  time  and  labour, 
but  the  acknowledging  an  error  to  their  assistants, 
which  they  are  not  sure  they  can  amend,  because  in 
many  cases  it  is  not  in  their  power,  and  may  be  more 
often  the  fault  of  the  instrument  than  the  surveyor; 
for  in  uneven  land,  where  the  table  cannot  at  all  sta* 
tions  be  set  horizontal,^  or  in  any  other  one  plane,  it 
is  impossible  the  work  should  be  true  in  all  parts  ; 
but  to  prevent  great  errors,  at  every  0  after  the  se- 
cond, view  wherever  it  is  possible,  the  object  at  some 
former  ©,  besides  that  which  the  table  was  last 
planted  at;  because  if  the  edge  of  the  index  ruler  does 
not  quite  touch,  or  but  very  Kttle  covers*  that  ©  in 
the  plan,  whilst  it  touches  the  ©  you  are  at,  the 
error  may  be  amended  before  it  is  more  increased, 
and  if  it  varies  much,  it  maybe  examined  by  plant- 
ing again  the  table  at  the  former  station,  or  stations. 

If  a  field  is  so  hilly,  that  you  cannot,  without  in- 
creasing the  number  of  stations,  see  more  than  one 
object  backward,  and  another  forward,  and  there  is 
nothing  fit  within  the  field,  as  the  supposed  tree  in 
Jig.  32,  then  set  up  an  object  on  j>urpose  to  be 
viewed  from  all  the  stations,  if  jK)ssible,  for  such  a 
3-crtifier. 

The  lengthening  and  shortening  of  the  pjiper,  as 
the  weather  is  moister  or  drier,  often  causes  no  small 
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erros  in  plotting  on  the  plain  table ;  for  between  a 
dewy  morning,  and  the  sun  shining  hot  at  noon  day, 
there  is  great  difference^  and  care  should  be  taken 
to  allow  for  it ;  but  that  cannot  be  done  in  large  sur« 
veys^  and  so  ought  not  to  be  expected  ;  indeed, 
those  working  by  the  degrees,  without  having  their 
plan  on  it,  are  not  liable  to  this  error,  though  they 
are  to  the  former:  but  both  w&ys  are  liable  to 
another  error,  whicli  is,  that  the  station  lines  dra^n, 
or  the  degrees  taken,  are  not  in  the  line  between  the 
objects,  nor  parallel  thereto ;  neither  will  this  error 
be  small  in  short  distances,  and  may  be  great,  if  each 
O  on  the  plan,  or  the  centre  used  with  the  degrees, 
is  not  exactly  over  the  station  holes  ;  but  to  be  most 
exact,  it  is  the  line  of  their  sights  that  should  be  di- 
rectly over  the  hole." 

Mr,  Beighton  made  such  improvements  tohis  plain 
taMes,  by  a  conical  ferhl  fixed  on  the  same  staves  as 
his  theodolite,  that  the  above  errors,  except  that  of 
the  paper,  are  thereby  remedied  ;  for  the  line  of  the 
sights,  in  viewing,  is  always  over  the  centre  of  the 
table,  which  is  as  readily  set  perpendicular  oyer  the 
hole,  as  the  centre  of  the  theodolite,  and  the  station 
lines  drawn  parallel  to  those  measured  on  the  land ; 
and  the  t^ble  is  set  horizontal  with  a  spirit  level  by 
the  same  four  screws  that  adjust  the  theodolite ; 
therefore  some  choose  to  have  both  instruments,  that 
they  may  use  either,  ^s  they  shall  think  most  con- 
venient. 

hetfig.  3!Z  now  be  a  wood,  to  be  measured  and 
plotted  on  the  outside;  if  on  coming  round  to  the  first 
0,  the  lines  meet  as  they  ought,  the  plan  will  be  aa 
truly  made,  as  if  done  on  the  inside;  but  here,  having 
no  rectifier  of  the  work  as  you  go  on,  you  must  trust 
to  the  closing  of  the  last  measured  line ;  and  if  that 
does  pot  truly  close  with  the  first,  you  must  go  over 
the  work  again ;  and,  without  a  better  instrument 
than  t^e  coo^fnon  plain  tabl^,  you  cannot  be  sure  of 
not  making  ^n  error  in  this  case.. 
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Suppose  the  table  planted  at  O  1  on  the  outside, 
with  jjaper  fixed  on  it,  and  objects  set  up  at  all  the 
other  stations  on  the  outside,  and  dry  blank  lines 
drawn  from  ©  1  on  the  paper  towards  ©  6  and  ©  2  ; 
these  done,  take  up  the  table,  and  set  up  an  object 
at  0  1 ;  then,  measuring  from  it,  towards  ©  2,  you 
find  at  20  the  oflfKet  to  the  first  angle  is  38,  then  at 
280  the  offset  to  the  next  angle  is  26  links,  both  of 
whicli  set  off  in  the  plan  ;  then  at  394  the  perpen- 
dicular offset  to  the  next  angle  is  206  ;  then  at  698 
the  di.^taiice  of  the  same  angle  is  366  bearing  back- 
ward, as  may  be  seen  in  the  figure,  that  by  the  inter- 
section of  these  two  offset  lines  the  angle  may  be 
more  truly  plotted  ;  then  measure  the  distance  from 
this  angle  to  the  next  323,  and  from  that  to  608 
place  \i\  the  station  line  2S0,  which  is  the  perpendi- 
cular offset ;  then  by  the  intersection  of  these,  that 
angle  will  be  well  plotted  ;  then  at  776  the  offset  to 
angle  a  is  48,  and  at  1012  the  offset  to  b  is  22,  both 
which  setoffin  the  plan,  and  at  1306  you  make  ©  2; 
now  draw  the  boundaries  from  the  first  offset  to  the 
next,  <^c  to  the  angle  b.  As  there  is  no  difliculty 
in  taking  the  offsets  from  the  other  station  lines,  wc 
shall  not  proceed  farther  in  plotting  it  on  the  out^ 
side  ;  for  a  sight  of  the  figure  is  sufiicient. 

Some  surveyors  would  plant  their  table  at  a  place 
bet%veen  304  and  698  in  the  first  station  line,  and 
take  the  two  angles,  which  are  here  plotted  by  the 
intersection  of  lines,  as  the  by- angles  a  and  b  were 
taken  at  ®  2  within  tlie  field ;  but  if  the  boundary 
should  not  be  a  straight  line  from  one  angle  to  the 
otiier,  then  their  distance  should  be  measured,  and 
offsets  taken  to  the  several  bends  in  it. 

You  plot  an  inaccessible  distance  in  the  same  man- 
ner as  the  tree  in  Jig.  32  ;  for  if  you  could  come  no 
nearer  to  it  than  the  station  line,  yet  you  might  with 
a  scale  measure  its  distance  from  ©  1,  or  ©  2,  or 
any  part  of  the  line  between  them  in  the  plan,  the 
same  as  if  you  measured  it  with  the  chain  on  thd 
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land ;  observing  to  niake  the  stations  at  such  a  dia^ 
tance  from  one  another,  that  the  lines  drawn  towiirda 
the  tree  may  interc^ect  each  other  as  near  as  possible 
to  right  angles,  drawing  a  line  from  each  to  ©  1  ;* 
writing  down  the  degree  the  north  end  of  the  needle 
points  to,  as  it  should  point  to  the  same  degree  at 
each  station ;  remove  the  table,  and  set  up  a  mark 
at  O  1. 

The  imperfections  in  all  the  cooimon  methods  of 
using  the  plain  table,  arc  so  various,  so  tedious,  and 
liable  to  such  inaccuracies,  that  this  instrument,  so 
much  esteemed  at  one  time,  is  now  disregarded  by 
all  those  who  aim  at  correctness  in  their  work.  Mr. 
Break  has  endeavoured  to  remedy  the  evils  to  which 
this  instrument  is  liable,  by  adopting  another  method 
of  using  it ;  a  method  which  I  think  does  him  consi- 
derable honour,  and  which  I  shall  therefore  extract 
fi-om  his  complete  "  System  of  Land  Survey  ing^  for 
the  information  of  the  practitioner. 

Example  1 .  To  take  the  plot  of  afield  A  B  C  D  E  F, 
fig'  1  ^  >  plute  1  %from  one  station  therein. 

Choose  a  station  from  whence  you  can  see  every 
corner  of  the  field,  and  place  a  mark  at  each,  number* 
ing  these  with  the  figures  1,  2,  3,  4,  &c.  at  this  sta* 
tion  erect  your  plain  table  covered  with  paper,  and 
bring  the  south  point  of  the  needle  to  the  flower-de- 
luce  in  the  box ;  then  draw  a  circle  O  P  Q  R  upon 
the  paper,  and  as  large  as  the  paper  wiH  hold. 

Through  the  centre  of  this  circle  draw  the  Xm% 
N  S  parallel  to  that  side  of  the  table  which  is  paraU 
]el  to  the  meridian  line  in  the  box,  and  this  will  be 
the  meridian  of  the  plan. 

Move  the  chamfered  edge  of  the  index  on  0,  till 
you  observe  through  the  sights  the  several  marks 

*  In  genera]  the  mark  Q  always  denotes  a  station  or  place 
where  the  instrument  is  planted.  The  dotted  lines  leading  from 
one  station  to  another,  are  the  station  lines ;  the  black  lines,  the 
boundaries;  the  dotted  lines  from  the  boundary  to  the  statioii 
line  are  offsets. 


• 
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A,  B^  C,  lec.  and  the  edge  thereof  will  out  the  circle 
in  the  points  1 ,  2,  3»  &c.  llien  having;  taken  and 
protracted  the  several  bearings,  the  distances  must, 
be  measured  as  shewn  before. 

To  draw  the  plan.  Through  the  centre  o  and  the 
points  I9  2,  3>  kc.  draw  lines  0  A,  O  B,  O  C,  O  D, 
O  E,  ©  F^  and  make  each  of  them  equal  to  its  re- 
spective measure  in  the  field ;  join  the  pointy  A,  B^ 
C,  &e.  and  the  ]^n  is  finished. 

Example  2.  To  take  the  plot  of  afield  A  B  C  D, 
ij^c.  from  several  St  at  ions  y  fig.  14,  plate  13. 

Having  chosen  the  necessary  stations  in  the  field, 
and  drawn  the  circle  O  PQR9  which  you  must  ever 
observe  to  do  in  every  case,  set  up  your  instrument 
at  the  first  station,  and  bring  the  needle  to  the  meri* 
dian,  which  is  called  adjusting  the  instrument ;  move 
the  index  on  the  centre  O9  and  take  in  observation 
at  A,  By  C,  o  2,  Hi  and  the  fiducial  edge  thereof 
will  intersect  the  circle  in  1,2,  3,  &c.  Then  remove 
your  instrument  to  tiie  second  station  in  the  field,  and 
applying  the  edge  of  the  index  to  the  centre  Q  and 
Ijie  mark  ©  9  in  the  circle,  take  a  back  sight  to  the 
first  station,  and  fasten  the  table  in  this  position ; 
then  move  the  i^dex  on  the  centre  ©,  and  direct  the 
sights  to  the  remaining  angular  marks,  so  will  the 
fiducial  edge  thereof  cut  the  circle  in  the  points 
4,  by  6,  &c.  The  several  distances  being  measured 
with  a  chain,  the  work  in  the  field  is  finished;  and 
entered  in  the  book  thus : 


THE  PLAIN  TABL£. 


^83 


THE   FIELD  BOOK  EXPLAINED. 


No. 

1 
2 
8 
©2 
8 

Diet. 

No. 

S 

4 
\S 

6 
7 
8 

Pi8t 

©1 

520 

SGO 

730 
386 

©2 

370 
470 
550 
550 

To  draxv  the  Plan. 

Having  chosen  0  1  upon  paper  to  rq^resent  the 
first  station  in  the  field,  lay  the  edge  of  a  parallel 
ruler  to  0  and  the  mark  1,  and  extend  the  other 
edge  till  it  touch  or  lay  upon  0  1,  and  close  hy  its 
edge  draw  a  line  1,1  =  520.  Then  lay  the  ruler  as 
before  to  ©  and  the  mark  2,  and,  extending  the 
other  ed^e  to  0  1,  draw  thereby  the  line  1,2  =  344, 
which  gives  the  comer  jB,  as  the  line  1,1  does  the 
comer  A.  After  the  same  manner  project  ©  2, 
together  with  the  comers  C,  /f.  Agam,  apply  the 
edge  of  the  ruler  to  0  and  the  point  4,  and  extentj 
the  other  edge  till  it  touch  0  2,  and  draw  tfi^  line 
2,4  =  370,  which  will  give  the  point  or  comer  2>! 
Thus  project  the  remaining  corners  JB,  F,  G\  and 
the  plan  is  ready  for  closing.  ♦ 

Example  3.  To  take  the  plot  of  several  fields 
ABCD,  BECF,  DIHK,  awrflFGH,  from 
stations  chosen  at  or  near  the  middle  of  each^  Jig.  1 5, 
plate  13. 

Adjust  your  plain  table  at  the  first  station  in 
A  BC Dy  and  draw  the  protracting  circle' and  me- 
ridian NS;  then  by  proposition  I,  project  the  an- 
gles or  corners  of  A  B  C  D^  B  EFCy  and  ulso  the 
second  station,  into  the  points  1,  2,  0  2,  3,  4,  5,  0. 
Again,  erect  your  instrument  at  the  first  station,  and 
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lay  the  index  on  the  centre  0  and  the  mark  O  ^^ 
and  direct  the  sights  by  turning  the  table  to  the  se- 
cond station,  then  move  the  index  till  you  observe 
the  third  station,  and  the  edge  thereof  will  cut  the 
circle  in  0  3.  Then  remove  the  instrument  to  the 
third  station,  lay  the  index  on  the  centre  0  and  the 
mark  0  3,  and  take  a  back  observation  to  the  first 
station  ;  after  which  by  the  last  proposition  find  the 
points  7,  8,  0  4,  9,  in  the  circle  O PQR.  As  to 
the  measuring  of  distances,  both  in  this  and  the  two 
succeeding  propositions  they  shall  be  passed  over  in 
silence,  having  sufiliciently  displayed  the  same  here- 
tofore ;  what  I  intend  to  treat  of  hereafter,  is  the 
method  of  taking  and  protracting  the  bearings  in 
the  field,  with  the  manner  of  deducing  a  plan 
therefrom. 

To  draw  the  Pian. 

Choose  any  point  0  l  for  your  first  station ;  ap- 
ply the  edge  of  a  parallel  ruler  to  the  centre  0  and 
the  point  1 ,  and  having  extended  the  other  edge  to 
0  1,  draw  the  line  1,1  =  370,  which  will  give  the 
corner  A.  In  Uke  manner  find  the  other  corners 
BC  Dj  together  with  0  2 ;  which  being  joined, 
finishes  the  field  A  BCD.  After  the  same  method 
construct  the  other  fields  BEFC,  DIHK,  IFG  H^ 
ixid  you  have  done. 
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REMARKS. 

No. 

1 
2 
©2 
3 
4 

2 
5 

6 

7 
3 

©3 

7 
©4 
8 
9 
4 

6 

10 

8 

DiST. 

REMARKS- 

The  open 
Sir  Will.  Jones's 

John  Simpson's 

££F/ closes  at 
Return  to 

South 

John  Spencer's 

D /// iJC  closes  at 

Ed.  Johnstone's 

South 

IFGH  closes  at 

©1 

370 
380 
580 
403 
440 

In  A  BCD. 

Field. 
BEFL 

DIHK. 
Ground. 

In  BEFL 

Ground. 
IFGH. 

In  AB CD. 

In  DIHK. 
IFGH. 

Field. 
Ground. 

In  IFGH. 

Grround. 

Field. 

©2 

400 
460 

©1 
600 

©3 

630 
432 
400 

©4 

380 

. 

Example  A.  To  take  thcplot  ofafeldABCBEF, 
by  going  round  the  same^  Jig.  12,  plate  13. 

Setup  your  plain. table  at  the  first  station  in  the 
field  ;  move  the  fiducial  edge  of  the  index  on  the 
centre  ©,  and  take  an  observation  at  tlie  mark  placed 
at  the  second  station,  then  will  the  same  fiducial  edge 
cut  the  circle  OPQR  in  the  point  1.  Then  re- 
move your  instrument  to  the  second  station,  and 
placing  the  edge  of  the  index  on  ©  and  the  j^oint  I, 
take  a  back  sight  to  the  firsts  or  last  station  ;  then 
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directing  the  index  on  the  centre  O  to  the  third,  or 
next  station;  the  edge  thereof  will  cross  the  circle 
in  the  point  2.  In  like  mtaner  the  instrument  being 
planted  at  every  station,  a  back  sight  taken  to  the  last 
preceding  one,  and  the  index  directed  forward  to  the 
next  succeeding  station,  will  give  the  protracted 
points  3,  4,  5,  6. 
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REMARKS. 

0. 

70 
50 

85 

84 
65 

60 

72 

58 

,80 

40 
68 

60 

58 
50 
67 

* 

0. 

toQl 

REMARKS. 

0 

Corner 

• 

• 

©1 
0 

250 

550 

In  ABCDEF. 

G2 

0 

440 

In  Ditto. 

09 

0 
465 

In  Ditto. 

0 
365 
750 

In  Ditto. 

05 

0 

802 

680 

In  Ditto. 

XD6 

0 

355 

663 

In  Ditto. 

Close  Ditto. 

\    •. 
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To  draw  the  Plan. 

Choose  any  pbihl  ©  1,  tb  dchote  the  first  station. 
Lay  the  edge  of  a  parallel  ruler  on  the  centre  ©  and 
the  point  1,  and  extend  the  other  edge  till  it  touch 
©  1,  and  draw  by  the  side  thereof  the  line  1,2  =  550; 
then  apply  the  ruler  to  ©  and  the  mark  2,  and  ex- 
tend the  other  edge  t6  ©  ^,  and  draw  thereby  the 
line  2,3  =  440 ;  again  lay  the  edffe  of  the  ruler  to  © 
and  the  point  3,  and  the  other  edge  being  extended 
to  ©  3,  draw  the  line  3,4  =  465;  after  the  same 
method  lay  dowh  the  remaining  stations,  and  the 
traverse  is  delinfeated.  As  for  drawing  the  edges^ 
that  shall  be  left  for  the  learner"^  exercise. 

E.r ample  5.  To  take  ihe  plot  of  several  f  elds, 
A,  B,  C,  D,  *y  circulation.  Jig.  16,  plate  13. 

From  the  projecting  point  ©  by  last  example,  pro- 
ject the  stations  in  A,  into  the  points  1 ,  2>  3, 4 ;  then 
the  instrument  being  planted  at  the  second  station, 
from  the  same  projecting  point  ©  project  that  sta- 
tion the  secbod  in  A  into  the  point  2*,  V  denoting 
the  instrument  being  planted  a  second  time  at  that 
station,  which  is  done  thus:  lay  the  index  to  ©  and 
the  point  2,  and  take  a  back  sight  to  the  first  statiob, 
that  being  the  station  immediately  preceding  that 
you  are  at  in  the  field  book;  then  on  the  centre  © 
take  a  fore  observation  at  the  next  succeeding  station, 
and  the  index  will  cut  the  circle  in  th^  point  2^ 
TJhus  project  fevery  other  remaining  station. 
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THE  FIELD  BOOK. 


% 

« 

BEMARKS. 

0. 

©L. 

0. 

BEMARKS. 

©I 

In  Field  A. 

53 

0 

80 
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Coiner 

85 
60 

610 
695 

©2 

In  Ditto. 

70 

0 

65 

560 

©3 

In  Ditto. 

ft 

60 

75 

0 
868 

f 

^ 

680 
©4 

In  Ditto.  ^ 

t 

50 

0 

Seturn  to 

48 

440 

to©  I 

Close  here  A* 

©2 

In^. 

0 

f 

a 

Corner 

60 
50 

50 

80 
402   ' 
©5 
0 

into 

In£. 

1 

60 

340 

^  (  " 

50 

650 

©6 

In  Ditto. 

50 

0 

Ag.  Hedge 

51 

500 

560 

by© 

for  closing  C, 

CkNMiatCor.ofil. 

50 

620 

W            ^"^ 

the  Hedge, 

Ketum  to 

682 

toQS 

in  A. 

* 

©4 

In^. 

\ 

0 

60 
intoC. 
380 

70 
60 

682 

68 
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THE  FIELD  BOOK. 


REMARKS. 

0. 

QL. 

0. 

REMARKS. 

©7 

Ia& 

0 

40 

• 

SOO 

720 

60 
50 

• 

08 

In  Ditto. 

■ 

0 

70 

400 

24 

780, 

63 

Close  C, 

Cross 

hedge 

820 

bye 

d,  at  56Cfl.  6,4i 

R«t^m  to 

©8 

Iqi  Ditto. 

,0 

■A 

60 

50 

Corner. 

. 

into 

D. 

220 

50 

1 

554 

40 

©9 

IttD. 

0 

40 

w 

. 

250 

38 

©10 

In  Ditto. 

0 

64 

5  0 

* 

* 

530 
into 

6  4 
B. 

Close  D  at  Cor.  B. 

■^« 

570 

to©6 

InS. 

The  bearing  being  protracted,  the  plan  may  be 
.  readily  drawn  from  what  has  been  already  described. 


GENERAL  METHODS  OF  SURVEYING  DETACHED  PIECES 

OF   GROUND. 

To  survey  the  triangular  fields  jig.  22,  plate  Q, 
xvkh  any  instrument  used  for  measuring  angles. 

1 .  Set  up  marks  at  the  three  corners  A,  B  C. 
2.  Measure  the  angle  A  C  B.  3.  Measure  the  two 
sides  AC,  C  B. 

U 
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This  method  of  measuring  two  sides  and  the 
included  angle,  is  far  more  accurate  than  the  old 
method  of  going  round  the  field,  and  measuring  all 
the  angles.  It  was  first  introduced  into  practice  by 
Mr.  Talbot. 

If  the  field  contain  four  sides^  Jig.  23,  plate  9, 
begin  at  one  of  the  comers  A.  1 .  Measure  the 
angle  BAD.  2.  Measure  the  side  AB.  3.  Take 
the  angle  ABC.  4.  Measure  the* side  BC,  and 
angle  BCD.  5.  Measure  the  side  C D,  and  th« 
anffle  CD  A,  and  side  DA,  the  dimensions  are 
finished ;  add  the  four  angles  together,  and  if  the 
sum  makes  36o^  .you  may  conclude  that  your 
operations  are  correct;  tlie  above  figure  may  be 
measured  by  any  other  method  as  taught  before,  by 
measuring  the  d;iagonal,  &c. 

If  the  field  contain  more  than  four  sides.  Jig.  24^ 
CI  5,  26,  plate  9,  having  set  up  your  marks,  endeavour 
to  get  an  idea  of  tlie  lari^est  four-sided  figure,  that 
can  be  formed  in  the  field  you  are  going  to  measure; 
this  figure  is  represented  in  the  figures  by  the  dotted 
lines. 

Then  beginning  at  A,  take  the  angle  BAD,  mea^ 
jnire  in  a  right  fine  towards  B,  till  you  come  against 
the  angle^T  there  with  your  sextant,  or  cross,  let  fall 
the  perpendicular y*e,  as  taught  in  the  method  of  the 
triangle,  observing  at  how  many  chains  and  links 
this  offset  or  perpendicular  falls  from  the  b^inning 
or  point  A,  which  note  in  your  field  book,  and  mea- 
sure efj  noting  it  also  in  your  field  book;  then  con- 
tinue the  measure  of  the  line  A  B  to  B ;  take  the  an- 
gle ABC,  and  measure  the  line  B  C;  take  the  an- 
gle BCD,  and  measure  the  line  C  D ;  take  the  an- 
gle C  D  A,  and  measure  the  line  D  A ;  observiag  as 
you  go  round,  to  let  fall  perpendiculars  where  ne- 
.  ccssary,  and  mes^ure  them  as  specified  in  the  line 
AB. 

£xample  to^.  26,  containing  seven  sides. 


THB  PIiAkr  TABltl. 


H9I 


HELD  BOOK. 


Aes 

86%^ 

/ 

2,08 
5>S2 

80  fa  e/. 

tt  Ut  side  A  B. 

ZBs. 

88*'„2f 

* 

4,60 

ft 

s9dndeBC. 

93*„00' 

^ 

1.20 
4,92 

8S=tgh. 
sSdsideCD. 

-^  D  = 
Di« 

92<'„00' 

2,00 

4,84 

1,08  =  »•  fc 

s  4th  side  D  A> 

• 

N.  J5.  Set  the  oflTsets  to  the  right  or  left  of  yout* 
column  of  angles  and  chains^  according  as  tbey'fall 
to  the  right  and  left  of  your  chain  line  in  the  field. 

TO   USE  THE   COMMON  CIRCUMFERBNTOE. 

We  have  already  observed  that  this  instrument 
should  never  be  used  where  much  accuracy  is  re- 
quired, for  it  is  scarcely  possible  to  obtain  with  any 
certainty  the  measure  of  an  angle  nearer  than  to  two 
degrees,  and  often  not  so  near ;  it  has  therefore  lonj^ 
been  rejected  by  acciurate  surveyors.  iSee  Grardiner^ 
Practical  Surveying,  p.  54. 

This  instrument  takes  the  bearing  of  ol:(jeGt8  from 
station  to  station^  by  moving  the  index  tiH  the  line 
of  the  sights  coincides  with  the  next  station  mark  1, 
then  counting  the  degrees  between  the  point  of  the 
compass  box  marked  N,  and  the  point  of  the  needk 
in  the  circl^of  quatirant^.     See^.  1^  pfafg  M* 


Thus  let  it  be  required  to  survey  a  large  woorf. 
Jig.  31,  plate  9,  by  going  round  it,  and  observing  the 
bearing  of  the  several  station  lines  which  encompasi 
that  \vood.^-Wyld^  Practical  Surveyor,  p.  77- 

The  station  marks  being  set  up,  plant  the  circum- 
ferentor  at  some  convenient  station  as  at  a,  the  flower* 
de*Iuce  in  the  compass  box  being  from  you ;  direct 
the  sights  to  the  next  station  rod  b,  and  set  down  the 
division  indicated  by  the  north  end  of  the  needle, 
namely  26o"  30',  for  the  bearing  of  the  needle. 

Remove  the  station  rod  b  te  c,  and  place  the  cir* 
cumferentor  exactly  over  the  hole  where  the  rod  b 
was  placed,  measuring  the  station  lines,  and  the  off- 
sets from  them  to  the  boundaries ;  now  move 'the  in- 
strument, and  place  the  centre  thereof  exactly  over 
the  hole  from  whence  the  rod  b  was  taken.  The 
flower-de-luce  being  from  you,  turn  the  instrument 
till  the  hair  in  the  sights  coincides  with  the  object  at 
the  station  c,  then  will  the  north  end  of  the  needle 
point  to  292°  12',  the  bearing  of  be;  the  instrument 
being  planted  at  c,  and  the  sights  directed  to  d,  the 
bearing  of  cd,  will  be  331®  45'.  In  the  same  man- 
ner proceed  to  take  the  bearing  of  other  lines  round 
the  wood,  observing  carefully  the  following  general 
rule : 

Keep  the  flower-de-luce  from  you,  and  take  the 
bearing  of  each  line  from'  the  north  end  of  the 
needle^ 


lines. 

bearings. 

links. 

ab 

260^  30' 

1242 

be 

292.   12 

1015 

ed 

331-  45 

1050 

de 

59.  00 

1428 

ef 

112.   15 

645 

fa 

151.   30 

1806 

Instead  of  planting  the  circum ferentor  at  every 
#tation  in  iho  fi^ld,  the  bearings  of  th^  several  lineir 
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may  be  taken  if  it  be  planted  only  at  every  other 
station. 

So  if  the  i\isl«ruinent  had  been  planted  at  bj  and  the 
flower-de-iutje  in  the  box  k^t  towards  you  when 
you  look  back  to  the  station  a,  and  from  you  when 
you  look  forwards  to  the  station  c,  the  bearings  of  the 
'  lines  a  b,  atid  b  c,  would  be  the  same  as  before  ob- 
served ;  also  the  bearings  of  the  lines  c  J,  and  rfe, 
might  be  observed  at  dy  and  efy  and  fa^  at  f\  so 
that  instead  of  planting  thfe  instrument  six  times,  you 
need  in  this  case  plant  it  but  three  times,  which  saves 
some  labour. 

But,  since  you  must  go  along  every  station  line,  to 
measure  it,  or  see  it  measured,  the  trouble  of  setting 
down  the  instrument  is  hot  very  great,  and  then  also 
you  may  examine  the  bearing  of  each  line  as  yoii  go 
along  ;  and,  if  you  suspect  an  error  in  the  work,  by 
the  needle's  being  acted  upon  by  some  hidden  mag- 
netic power,  of  from  your  own  niistake,  in  observing 
the  degrees  that  the  needle  points  to,  you  may 
cbrfect  such  error  at  the  riext  station  before  you 
proceed. 

As  whefi  the  instrutnent  was  planted  at  a^  and  the 
sights  directed  at  A,  the  flower-de-luce  from  you,  the 
north  end  of  the  needle  pointed  to  260®  30';  now 
being  come  to  6,  direct  the  sights  back  to  a  mark  at 
Qi  keeping  the  fiawer«de-luc^  towards  you  :  so  shall 
the  north  end  of  the  needle  pmnt  (o  !26o^  30',  as 
before  at  ^,  and  theri  you  maty  be  sore  the  bearing  of 
the  line  ab\%  truly  observed. 

But  if  th6  needle  doth  not  point  to  the  same  nuip- 
ber  of  degrees,  ~&c^  there  hath  been  some  error  in 
that  observation,  which  must  be  corrected.* 

'**'  An  agate  is  placed  in  the  eentra!  cap  of  the  bedt  oeedles, 
and  if  the  brass  be  cast  free  of  iron  or  steel  particles,  the  needle 
will  generally  point  to  the  nicety  of  1  degree  at  least.    £pit« 
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Ot  THE  IMPROVED  eiRCUMFEflSNTOR,  WITH  MR. 
CALE*8  METHOD  OF  USING  IT;  A  METHOD  THAT 
IS  APPLICABLE  WITH  E^UAL  ADVANTAGE  TO  THE 
THEODOLITE,  &C. 

For  the  sake  of  perspicuity,  it  will  be  necessaiy 
to  give  again  the  example  before  used  in  page  211, 
and  that  not  only  because  it  will  exhibit  more  clearly 
the  advantages  of  Mr.  Gale's  method,'*'  but  because 
we  shall  have  occasion  to  refer  to  it  when  we  come  to 
his  improved  method  of  platting  ;  and  further,  be- 
cause I  have  thought  this  uiodc  so  advantageous,  and 
the  tables  so  conoucive  to  accuracy  and  expedition, 
that  I  have  caused  occasionally  the  traversing  quad-, 
rant  to  be  engraved  in  smaller  figures  upder  the  usual 
one  of  the  limb  of,  the  theodolite. 

Set  the  circumferentor  up  at  B,  ^g.  1 ,  plate  1 8, 
take  the  course  and  bearing  of  B  C,  and  measure  the 
length  thereof,  and  so  proceed  with  the  sides  C  D, 
D  E,  E  F,  F  G,  G  A,  all  the  way  round  to  the 
place  of  beginning,  noting  the  several  courses  or 
bearings,  and  the  lengths  of  the  several  sides  in  ^ 
^eld  book,  which  let  us  suppose  to  be  ^s  follow ; 


•         / 

• 

chains,  links. 

1. 

AB 

Ncrth    7 

West 

21.       00. 

2. 

BC 

North  55  15 

East 

1 8.       20. 

3. 

CD 

South  62  3Q 

East 

14.       40. 

A. 

D£ 

South  40 

West 

lit 

6. 

EF 

South     4  15 

East 

14, 

6. 

FG 

North  73  45 

West 

12.        40. 

7. 

GA 

3outh  $2 

West 

9-      17. 

N*  B.  3y  north  7°  west,  is  meant  seven  degrees  to 
the  vy-estward,  or  left  hand  of  the  north,  as  shewn  by 
the  nc^cdle;  by  porth  55°  15'  east,  fifty-five  degrees 

f  See  psge  212  9f  thi«  work  for  a  fuller  accoimt  of  tl^u;  method* 
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fifteen  minutes  to  the  eastward,  or  right  band  of  the 
north,  as  shewn  by  the  needle. 

In  like  manner,  by  south  62^  3(/  east,  is  meant 
sixty-two  degrees  and  thirty  minutes  to  the  eastward, 
or  left-hand  of  the  south ;  and  by  south  40*  west, 
forty  degrees  to  the  westward,  or  right  hand  of  th« 
•outh. 

The  21  chainSj  18  chains  20  links,  &c.  are  the 
l(nigths  or  distances  of  the  respective  sides,  as  mea« 
sured  by  the  chain. 

To  survey  a  fields  or  tract  of  land,  having  irre- 
gular boundaries. 

When  the  boundaries  of  a  survey  have  crooks  and 
bends  in  them,  it  is  by  no  means  necessary  to  take  a 
new  course  for  every  small  bend ;  the  best  and  most 
usual  way,  is  to  proceed  in  a  straight  line  from  one 
principal  corner  to  another,  and  when  you  are  oppo- 
site to  any  bend  in  the  bpundary,  to  measure  the  rec- 
tangular distance,  termed  the  offseti  from  the 
straight  line  to  the  bend,  noting  the  same  in  the  field 
book,  together  with  the  distance  on  the  straight  line 
from  whence  such  offsets  were  made.  The  offsets, 
as  already  observed,  are  generally  measured  with  an 
offset  staff. 

For  the  purpose  of  noting  these  ofisets,  it  is  neces* 
sary  that  uie  field  book  should  be  ruled  into  five 
COLUMNS,  llie  middle  column  to  contain  the 
courses  and  distances;  the  adjoining  columns  on  the 
right  and  left  hand  to  contain  the  measure-  of  the 
offsets,  made  to  the  right  or  left  hand  respectively  ; 
and  the  outside  columns  on  the  right  and  left  hand, 
to  contain  remarks  made  on  the  right  and  left  hand 
respectively,  such  as  the  names  of  the  adjoining 
fields,  or  the  bearing  of  any  remarkable  object,  &c. 

Example,  hetjig.  3,  plate  1 8,  represent  a  field 
to  be  surveyed,  whose  boundaries  are  crooked. 

Set  up  the  instrument  at  or  near  any  convenient 
corner,  as  at  1,  and  take  the  oourse,  and  bearing,  a^ 
before  directed,  north  7°  west^  Viote  this  down  m  tbe 
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middle  cj^mn  of  the  field  book^  and  measure  vKth 
the  chain  as  before  directed,  till  you  come  opposite 
to  the  first  bend,  so  that  the  bend  be  at  right  angles 
to  the  station  line ;  note  the  distance  thus  measured, 
3  chains  6o  links,  in  the  middle  column,  and  mea* 
sure  the  offset  from  thence  to  the  bend  40  links, 
noting  the  same  in  the  adjoining  left  hand  column, 
because  the  boundary  is  on  the  left  hand  of  the 
station  line,  and  note  in  the  outside  column,  the 
name  or  owner  of  the  adjoining  fiejd,  proceeding 
in  the  same  manner  all  round  the  field,  noting  the 
courses,  distances,  offsets,  and  remarks,  as  in  the 
following 

FIELD  BOOK. 


REMARKS. 


H.  Derman's  land 


P  0 
0  40 
0  10 
0  65 
A  comer  0    0 


OV-      Station      CS" 
gets.       lines.       setl. 

Ifit.  At  the  corner, 

rnst  Wm.  Hum- 
,  ;y's,  and  H.  Der- 
inan's  land. 


W.  Higgin's  land 


A  comer 


p.  Home's  land  0    0 
A  corocrtoO 


N.  7^  W. 

0    0 

3  60 

8  45 

15  60 

21  00 


3d. 

N.55^15.E. 
k)    Ol      0    0 
6  10 
0    0     18  20 


Sd. 
N.62«S0.E. 

O    0 

7  40 
14  40 


REMARKS. 


0  0 
0  60 
0    0 


To  the  boundarj  of 
the  field* 


0    0 

0  90To  the  boundary  of 

0    0  the  field. 


N 


^H^  lfff?fiOVfa>  f  I^j^M^R^VTOR,  5l§7 


fI^U>^OQ^. 


■W 


REMARKS. 


C.  Ward's  laad 

Q    0 

0  40 

To  a  corner  6  95 


To  the  above  corner 


Qfi8 


C.  Ward's  land  1  25 


A  jcorn^r 


0    0 


W.  Humphrey's  land 


W.Humphrey's  land 


Qff-r   gnttroir 

sets.       lu^es. 


4th. 

|$.*0«  W.  J 
P      0 

8  00 

11   oq 

:..  '  ' . 

5th, 

S.4*»15.E. 

066    • 

7  50 


0    0 


0    0 


sets. 


REMARKS. 


H  00 


6th. 

N:73°45.If. 
0    0 
3  20 
7  50 


7th. 

S.  52^  W. 
0  0 
4  10 
9  17 


W9») 


0    0 

0  QO 
0    0 


0  0 

0  ^To  the  boundaiy  of 

1  25  the  field, 
0  0  A  corner. 


To  the  boundary  of 
the  field. 


To  the  place  of  beginnipg. 

To  survey  d  trifct  i^f  land,  consisting  of  any 
number  ofjielas  lying  together* 

1 .  Take  the  outside  boundaries  of  the  whole  tract 
as  before  directed,  noting  in  your  field  book  where 
the  particular  fields  intersect  t^he outside  boundaries; 
and  then  take  tne  iijitemal  boundaries  of  the  several 
fields  frbm  the  place  where  they  so  butt  on  the  out- 
side bounds. 

Let  Jig.  4,  plate  X^  represent  a  tract  of  land  to 
be  surveyed,  consisting  of  three  fields. 

First,  begin  at  any  convenient  corner,  as  at  A,  and 
proceed  taking'  the  courses,  distances,  offsets^  and 
remarks,  a»  in  the  fbllpwing  fieM  book. 
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FIELD  BOOK. 


REMARKS. 


sets. 


Ist.  At  a  corner 
against  Winterton 
farm,  and  H.  Smith's 
land. 

S.  87**  W. 


Lands  of 
Henry  Smith. 


0  00 


Bunterdon  farm. 


rr- 


Station 
lines. 


7W' 

V 

sets. 


0  00 

5  50 

11  30 

15  00 


0  00  East  field. 

1  10  To  the  corner  of  cast 

0  00  and  west  field. 

0  60  Corner  of  west  field. 


2d[. 
N.18«S0.W. 

0  58 

9  60 


REMARKS. 


0  16 

0  CO 


3d. 
NJ2**15.E. 

0  00 

4  10 

8  90 


0  00 
0  60 
0  00 


0  00 


Lands  of 
Jacob  Williams* 


0  70 
0  00 


WintertOB  farm* 


4th. 

N.S7*  E. 

5  40 

17  00 


5th. 

S.  76^45.E. 

6  50 

16  00 


The  aboTB  corner* 


West  comer* 


0  40 

0  00  field. 


To  the  comer  of 
west  field  and  north 


6th. 
S.  5^  15.W. 
9  60 

14  30 

19  00 

25  00 


0  00 


0  56 
0  10 
0  70 
0  00 


7th. 
S.74^30.W. 

2  SO 

7  65 


0  86 
0  00 


North  fieldf 


To    the    comer  of 
north  and  east  fields, 
N.  B.  A  gate  into 
field  20  links  from 
the  comer* 


East  field* 


To  the  place  of  beginnmg, 
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FIELD  BOOK. 


REMARKS. 


Off. 

sets^ 


SUtioii 
lines. 


Off. 

sets. 


8th,  At  the  corner  of 
east  and  west  field,  viz. 
The  first  offset  on  the 
first  station  line. 


West  field. 


0  00 


North  field. 


West  field. 
Comer  of  west  and 
north  fields  against 
Hunterdon  fiirm. 


North. 
8  SO 
16  61 


0  75 
0  00 


9th. 


East. 
0 
5  40 

IS  77 


REMARKS. 


T-» 


East  field. 


0  00 
0  60 
0  00  farm 


East  field. 
To  the   comer  of 
north  and  east  fields 
against    Wintertoa 


10th. 

Back  to  the  last  station. 
N.62^03.W. 

0 

S  40 

7  92 


0  00 
0  70 
0  001 


0  00 


0  00 


North  ^kL 


To  take  a  survey  of  an  estate  j  manor ^  and  lordship. 
An  estate,  manor,  or  lordship,  is  in  reality  a  tract 
of  land,  consisting  of  a  number  of  fields ;  it  differs 
in  no  respect  from  the  last  article,  excepting  in  the 
number  of  fields  it  may  contain,  and  the  roads^ 
lanes,  or  waters  that  may  run  through  it,  and  is  of 
course  surveyed  in  the  same  manner. 

It  is  best  in  the  first  place  to  take  the  whole  of 
the  outside  boundaries,  noting  as  above  directed  th« 
several  offsets,  the  several  places  where  the  boun- 
daries are  intersected  by  roads,  lanes,  or  waters,  the 
places  where  the  boundaries  of  the  respective  ^elds 
Dutt  on  the  outside  bounds,  and  where  the  gates 
lead  into  the  respective  fields^  and  whatever  other 
objects,  as  windmills,  houses,  &c«  that  may  happen 
to  be  worthy  of  being  taken  notice  of.  If,  however, 
^hpr^  shoi^ld  be  a  fargi  stream  of  water  running 
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through  the  estate,  thereby  dividing  it  into  two 
parts,  and  no  bridge  near  the  boundary,  then  it 
will  be  best  to  survey  that  part  which  lies  on  one 
side  of  the  stream  first,  and  afterwards  that  part 
which  lies  on  the  other  side  thereof;  if  the  stream 
be  of  an  irregular  breadth,  both  its  banks  forming 
boundaries  to  fteverar  fields  should  be  surveyed, 
and  its  breadth,  where  it  enters,  and  where  it 
leaves  the  estate,  be  determined  by  the  rules  of  tri- 
gonometry. 

In  the  next  place,  take  the  lanes  or  roads,  (if  any 
such  there  be)  that  go  through  the  estate,  noting  in 
the  same  manner  as  before,  where  the  divisions  be- 
tween the  several  fields  butt  on  those  lanes  or  roads, 
and  where  the  gates  enter  into  those  fields,  and 
what  other  objects  there  may  be  worth  noticing. 
Where  a  lane  runs  through  an  estate,  it  is  best  to 
survey  in  the  lane,  because  in  so  doing,  you  can 
take  the  ofikets  and  remarks  both  on  the  right  hand 
and  the  left,  and  thereby  carry  on  the  boundaries 
on  each  side  at  once.  If  a  large  stream  run  through 
and  separate  the  estate,  it  should  be  surt^eyed  as 
above-mentioned;  but  smalt  brooks  funning  through 
a  meadow,  require  only  a  few  offsets  to  be  taken 
from  the  nearest  station  line,  to  the  principal  bends 
or  turnings  in  th^  brook. 

In  the  last  pkce  take  the  internal  divisrotrt  or 
boundarif^s  between. the  several  fields,  beginfning  at 
any  Convenient  place,  before  noted  in  the  field  book, 
where  the  internal  divisions  butt  on  the  outside  of 
the  gvoun^s,  or  on  the  lanes,  &g.  noting  always  every 
remarkable  object  in  the  field  boolc. 

Esample.  hetfig,  5,  plate  1 8,  represent  an  estate 
to  be  surveyed ;  begin  at  any  convenient  place  as  at 
A,  where  the  two  lanes  meet,  proceed  noting  the 
eourses,  distances,  &c.  as  before  directed  from  A  to 
B^  firom  B  to  C,  and  so  on  to  D,  E,  F,  G,  H,  I,  K, 
L,  M,  and  A,  ^ite  ncKind'tbe  estate. 

Then  pFoceedalmrg  the  tone  fron>  A  to  N,  O,  and 
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I,  setting  the  courses,  distances^  ofTsets,  and  remarks, 
as  before. 

This  done,  proc€ed  to,  the  internal  divisions,  be- 
ginning at  any  convenient  place,  as  at  O,  and  pro- 
ceed, always  taking  your  notes  as  before  directed, 
from  O  to  P,  Q,  and  R^^  so  will  you  have  with  the 
notes  previously  taken,  the  dimensions  of  the  north 
field ;  go  back  to  Q,  and  proceed  from  Q  to  P, 
and  you  obtain  the  dimensions  of  the  copse.  Take 
ES  and  SP,  and  you  will  have  the  dimensions  of  the 
home  field ;  go  buck  to  S,  and  take  S  T,  and  you 
will  have  the  dimensions  of  the  land,  applied  to  do* 
mestic  purposes  of  buildings,  yards,  gardens,  and 
orchards,  the  particulars  and  separate  divisions  of 
which  being  small,  had  better  be  taken  last  of  all ; 
go  down  to  N,  and  take  ND,  noting  the  offsets  as 
well  to  the  brook,  as  to  the  fences,  which  divide  the 
meadow  from  the  south  and  west  fields,  so  will  you 
have  the  dimensions  of  the  long  meadow,  together 
with  the  minutes  for  laying  down  the  brook  therein; 
go  back  to  U,  and  take  U  B,  and  you  obtain  the 
dimensions  of  the  west  field,  and  also  of  the  south 
field  ;  go  back  again  to  N,  and  take  N  W,  noting 
the  ofisets  as  well  to  the  brook  as  to  the  fence  which 
divides  the  meadow  from  the  east  field,  thus  will  you 
have  the  dimensions  of  the  east  field,  and  the  minutes 
for  laying  down  the  brook  in  the  meadow ;  then  go 
to  L,  and  takeLX,  which  givfesyou  the  dimensions 
of  the  east  meadow,  and  of  the  great  field ;  and  lastly, 
take  the  internal  divisions  of  the  land,  appropriated 
to  the  domestic  purposes  of  buildings,  yards,  or- 
chards, gardens,  &c. 

The  method  of  taking  the  field  notes  is  so  entirely 
similar  to  the  examples  already  given,  that  they  would 
be  altogether  unnecessary  to  repeat  here. 

To  tlie  surveyor  there  can  need  no  apology  for 
introducing,  in  this  place,  the  method  used  by 
Mr.  AlihiCj  one  of  the  most  able  and  expert  sur- 
veyors of  his  time;  and  I  think  he  will   consider 
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himself  obliged  to  Mr.  Milne,  for  communicating, 
with  so  much  liberality  ^  his  deviations  from  the  com- 
mon practice,  as  those  who  have  hitherto  made  any 
improvements  in  the  practical  part  of  surveying,  have 
kept  them  as  prpfound  secrets,  to  the  detriment  of 
science  and  the  young  practitioner.  As  every  man 
can  describe  his  own  methods,  in  the  clearest  and 
most  intelligible  manner,  I  have  left  Mr.  Milne^s  in 
Lis  own  language. 

MR.   MILN£*S   METHOD   OF  SURVEYING. 

^^  The  method  I  take  to  keep  my  field  notes  iti 
surveying  land,  diflPering  materially  from  those  yet 
published ;  if,  upon  examination,  you  shall  think  it 
may  be  useful  or  worthy  of  adoption,  you  may,  if 
you  please,  give  it  a  place  in  your  treatise  on  sur* 
veying. 

*^  What  I,  as  well  as  all  surveyors  aim  at,  in  going 
about  a  survey,  is  accuracy  and  dispatch ;  the  first  is 
only  to  be  acquired  by  care. and  good  instruments^  • 
the  latter  by  diligence  and  long  practice* 

"  From  twenty  years^  experience,  in  the  course  of 
which  I  have  tried  various  methods,  the  following  is 
what  I  at  last  adopted,  as  the  most  eligible  for  carry- 
ing on  an  extensive  survey,  eitlier  in  England,  Scot- 
land, or  any  other  cleared  country. 

"  Having  taken  a  cursory  view  of  the  ground  that 
I  am  first  to  proceed  upon,  and  observed  the  plainest 
and  clearest  tract,  upon  which  |  can  measure  a  cir- 
cuit of  three  or  four  miles,  I  begin  at  a  point  con- 
venient for  placing  the  theodolite  upon,  and  making 
a  small  hole  in  the  ground,  as  at  A,  plate  20,  one 
assistant  leading  the  chain,  the  other  having  a  spade  ' 
for  making  marks  in  the  ground,  I  measure  in  a  di- 
rect line  from  the  hole  at  A  to  B,  noting  down,  as  I 
go  along,  on  the  field  sketch  the  several  distances 
from  place  to  place,  and  sketching  in  the  figure  of 
the  road,  as  75  links  to  the  east  side  of  the  avenu^ 
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400  links^  touching  the  south  side  of  the  road,  with 
an  oflset  of  40  links  to  the  other  side^  500  links  to 
the  corner  of  a  wood,  and  817  to  the  comer  of 
another  wood ;  which  last  not  allowing  me  to  carry 
the  line  farther,  I  make  a  mark  at  B,  where  I  mean 
to  plant  the  instrument,  and  beginning  a  new  line, 
measure  along  the  side  of  the  road  885  links  to  C, 
where  I  make  a  mark  in  the  ground,  writing  the 
same  in  my  field  sketch,  taking  care  always  to  stop 
at  a  place  from  which  the  last  station  can  be  seen, 
when  a  pole  is  placed  at  it.  Beginning  a  new  line, 
and  measuring  in  a  direct  line  towards  D,  I  have 
345  links  to  a  line  of  trees,  SQO  links  opposite  a 
corner  of  paled  inclosures,  where  I  make  a  mark  to 
have  recourse  to,  and  893  links  to  the  end  of  the 
line,  where  I  make  a  mark  in  the  ground  at  D ; 
from  thence  measuring  in  a  direct  line  to  £^  I  here 
have  600  links  of  steep  ground,  therefore  make  a 
mark  in  the  ground  at  the  bottom  of  the  steepness, 
so  that  when  I  come  to  take  the  angles  with  the 
theodolite^  I  may  take  the  depression  thereof;  con-, 
tinning  out  the  line,  I  have  1050  links  to  a  bridge, 
with  an  ofiset  of  20  links  to  the  bridge,  and  80  Hqks 
to  the  paling ;  at  1247  there  is  a  line  of  trees  on  the 
left,  and  here  also  the  line  comes  to  the  north  side 
of  the  road,  and  1388  links  to  the  end  of  the  line  at 
£,  and  so  proceed  in  like  manner  round  the  circuit 
to  F,  G,  H,  I,  K,  L,  M,  N ;  and  from  thence  to  A 
where  I  began.  The  holes,  or  marks  made  in  the 
ground,  are  represented  by  round  dots  on  the  field 
sketch ;  steepness  of  ground  is  expressed  on  the 
sketch  by  faint  strokes  of  the  pen,  as  at  D,  F,  &c. 
Figures  ending  a  station  line  are  written  larger  than 
the  intermediate  ones  ;  offsets  are  written  down  op- 
posite the  places  they  were  taken  at,  and  are  marked 
either  to  the  right,  or  left  of  the  line  on  the  field 
sketch,  just  as  they  happen  to  be  on  the  ground.  If 
the  field  sketch  here  given  was  enlarged,  so  as  to  fil) 
a  sheet  of  pa]3er,  there  would  then  be  room  for  in- 
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serting  tlid  figures  of  aH*  the  offsets^  which   the 
smallh^s^  of  this  does  not  adinit  of. 

"  In  measuring  these  circuits,  or  statidn  lines,  too 
much  dare  cannot  be  taken  by  the  surveyor  to 
mensure  exact ;  T  therefore,  in  doing  them,  always 
choose  to  hold  the  hindermost  end  of  the  chain 

'*  The  next  thing  to  be  done  is  to  take  the  angles  or 
bearings  of  the  above  described  circuit,  and  also  the 
altitude  or  depression  of  the  different  declivities  that 
have  been  measured  up  or  down. 

"  liaving  previously  prepared  a  sheet  of  Dutch 
paper  with  meridian  lines  drawn  upon  it,  as  in 
plate  21,  also  a   horn  protractor  with   a  scale  of  \ 

chains  upon  the  edge  thereof,  and  a  small  ruler  \ 

about  a  foot  in  length  ;    and  having  two  assistants  ] 

provided  with '  a  pole  each,  to  which  are  attached 
plumb  lines  for  keeping  them  perpendicular,  and 
a  third  assistant  for  carrying  the  theodolite :  I  pro- 
ceed to  plant  the  instrument  where  I  began  to 
measure,  or  at  any  other  angular  point  in  the  cir- 
cuit ;  if  the  wind  blows  high,  I  choose  a  point  to 
begin  at  that  is  sheltered  from  it,  so  that  the  needle 
.  may  settle  steady  at  the  magnetic  north,  which  is 
indispensably  necessary  at  first  setting  off,  at  the 
same  time  taking  care  that  no  iron  is  so  near  the 
place  as  to  attract  the  needle. 

"  The  best  theodolite  for  this  purpose  is  the  large 
one,  see  fig.  i,  plate  l6y  the  manner  of  using  of 
which  I  shall  here  describe. 

"  The  spirit  level  C,  having  been  previously  ad- 
justed to  the  telescope  A,  and  the  two  telescopes 
pointing  to  the  same  object,  I  begin  by  levelhng 
the  iristrument,  by  means  of  the  four  screws  M 
acting  between  the  two  parallel  plates  N,  first  in  ' 

a  line  with  the  magnetic  north  and  then  at  right 
angles  thereto.  This  accomplished,  I  turn  the 
moveable  index,  by  means  of  the  screw  G,  till  it 
coincides  with  180°  and  360^  and  with  the  mag-  ' 
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hetic  north  nearly^  screwing  it  fast  by -means  of  tbf 
hut  H,  and  also  the  head  of  the  instrument  by 
means  of  the  pin  L;  I  make  the  north  point  in 
the  compass  box  coincide  with  the  needle  very 
exactly,  by  turning  the  screw  K ;  both  telescopes 
being  then  in  the  magnetic  meridian,  I  look  through 
the  lower  one  I,  and  .notice  what  distinct  object  it 
points  to.  .         ' 

"  Then  unscrewing  the  moveable  index  by  the 
aforesaid  nut  H,  the  first  assistant  having  been  prei 
viously  sent  to  the  station  point  marked  N,  I  turn 
about  the  telescope  A,  or  moveable  index,  by  means 
of  the  nut  G,  till  it  takes  up  the  pole  now  placed  at 
N,  raising  or  depressing  the  telescope  'by  means  of 
the  nut  £,  till  the  cross  hairs  or  wires  cut  the  pole 
near  the  ground.  This  done,  I  look  through  the 
lower  telescope  to  see  that  it  points  to  the  same 
object  it  did  at  first ;  if  so,  the  bearing  or  angle  is 
truly  taken,  and  reading  it  upon  the  limb  of  the 
instrument  F,  find  it  to  be  40°  55'  S.  W.  I  then 
take  my  sheet  of  paper,  and  placing  the  horn  pro- 
tractor upon  the  point  A,  plate  0,1  J  along  the  meri- 
dian line,  passing  through  it,  I  prick  off  the  same 
angle,  and  with  the  first  ruler  draw  a  faint  line  with 
the  pen,  and  by  the  scale  set  off  the  length  of  thel 
line,  which  I  find  to  be,  by  my  first  sketch,  ,plat& 
20,  7690  links ;  and  writing  both  bearing  and  dis* 
tance  down,  as  in  plate  21  j  and  again  reading  off 
the  angle  to  compare  it  with  what  I  have  wrote 
down,  I  then  make  a  signal  to  the  first  assistant  to 
come  forward  with  his  pole  ;  in  the  mean  time  I 
turn  the  moveable  index  about,  till  the  hair  or  wire 
cuts  the  pole  which  the  second  assistant  holds  up  at 
B,  and  looking  through  the  lower  telescope,  to  see 
that  it  points  on  the  same  object  as  at  first,  I  read 
the  angle  upon  the  limb  of  the  theodolite,  48°  55^ 
&.  E.  and  plotting  it  off  upon  the  sketch  with  the 
horn  protractor,  draw  a  straight  line,  and  prick  off 
by  the  scale  the  length  to  B^  817  links;  writing  the 
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•tikie  ddwn  on  the  fteld  ^Eetcb,  and  agam  raAiff 
fhe  ande,  tosee  tkat  I  ha?e  wntten  it  damn  right>  L 
iorew  mt  the  moMable  index  to  tlie  iimb^  by  aaMns 
tf  the  screw  H^  and  qnakiof  a  signal  to  the  second 
isffistant  topmceed  wMi  bis  pole,  and  olant  it  at  the 
third  station  .C,  wiitfe  I  widi  the  theodolite  proceed 
to  B,  leaving  the  first  assistant  with  his  ]>ole  irfieiti 
the  instrument  stood  at  A. 

'^  Planting  the  instmment  by  means  of  a  plumb- 
line  ir^T  the  hole^  which  the  pole  made  in  the 
ground  at  the  second  station,  and  holding  the 
moveable  index  at  48^  55'  as  before,  and  the  limb 
levelled,  I  turn  the  limb  till  tlie  vertical  wire  in  the 
telescope  cuts  the  pole  at  A  nearly,  and  there  screw 
it  fiist.  I  then  make  the  vertical  wire  cut  the  pole 
very  nicely  by  means  of  the  screw  K ;  then  looking 
through  the  lower  telescope  to  see  and  remark  what 
distant  objects  it  points  to,  I  loosen  the  index  screw, 
and  turn  the  moveable  index  till  the  vertical  hair  in 
the  tdescoi)c  cuts  the  pole  at  C  nearly,  and,  making 
thC' limb  fast,  I  make  it  do  so  very  nicely  by  means 
of  the  screw  K,  and  then  fix  the  index.  Reading  the 
degrees  and  minutes  which  the  index  now  pcHnts  to 
an  the  limb,  I  plot  it  in  my  field  sketch  as  b^re, 
thtt  bearitig  or  angle  being  46^  30",  and  the  length 
8W  links.  Sending  the  theodolite  to  the  next  sta- 
tion C,  the  same  operation  is  repeated ;  coining  to 
D>  besides  tiJcing  the  bearing  of  the  line  D  £,  I 
take  the  depression  from  D,  to  the  foot  of  the  decli-* 
vity  €00  links  below  it,  which  I  perform  thus: 
Having  the  instrument  and  the  double  quadrant 
level,  I  try  what  part  of  the  bocfy^of  the  assistant, 
who  accompanies  me  for  carrying  the  instrument, 
the  telescope  is  against,  and  then  send  him  to  stand 
at  the  mark  at  the  bottom  of  the  declivity,  and 
makinlg  the  cross  wires  of  the  telescope  cut  the 
same  part  of  his  body  equal  to  the  heidit  of  the 
instrument,  I  find  the  depression  |X>inted  out  upon 
the  quadrant  to  be  |-  erf*  a  link  upon  each  chain, 
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wktch  upon  Eix  dbaios  is  £>ar  lidb  to  he  wbtractoii 
from  1388  links,  the  coeasumd  length  of  the  lioe^ 
leaving  1S84  links  for  the  horizootal  length,  which  J 
mark  doivn  in  xny  field  sketch,  plate  2,  vi  the 
oianoei'  there  writtea.  Also  from  the  high  groiiod 
at  D,  seeing  the  temple  O,  I  take  a  bcanng  to  it 
and  ^plotting  off  the  same  in  jnj  field  sketch,  fdra«r« 
straight  line  ;  the  same  temple  heing  iiaea  from  stft- 
tioQ  L,  and  station  M,  I  take  beariags  to  it,  ivom 
each ;  and  from  the  extension  of  these  three  bearings 
interseeting  each  other  in  the  point  O^  is  a  proof 
that  the  lines  have  been  trulj  meaaurad,  an([  the 
angles  right  taken. 

^'  Again,  from  station  £  to  station  F,  the^;groua4 
rises  considerably,  therefore,  besides  the  bearing,  I 
take  the  altitude  in  the  same  manner  I  did  thie 
depression ;  and  do  the  same  with  every  ooasidevablc 
rise  and  fall  round  Ihe  circuit. 

'^  Coming  to  station  N,  and  having  the  auweabk 
index  at  6]  Id'  N.  W.  taking  ap  the  pole  at  M^ 
and  making  fast  the  limb,  I  loosen  the  index  screw, 
and  turn  it  till  I  take  up  ^e  pole  at  the  first  statioa 
A.  This  bearing  ought  to  be  40""  55'  N.  E.  b^mg 
the  same  number  of  decrees  and  minutes  it  bore 
firom  A  «outh**west,  and  if  it  turn  out  so,  or  withia 
a  minute  or  two,  we  call  it  a  good  closure  of  \k» 
eircuit,  and  is  a  proof  that  the  angles  have  been 
accu  rately  taken* 

'^  But  if  a  greater  error  appears,  I  rectify  the  mcm^ 
able  index  to  40°  .56',  and  taking' up  the  pole  at  Ao 
make  fe^t  the  limb,  and  take  the  hearing  to  M^ 
and  so  return  back  upon  the  circuit  again,  till  X 
find  out  the  error«  JDUt  an  error  will  sekiom  or 
never  iiappen  with  such  an  instrument  as  here  de- 
scribed, it!  attention  is  paid  to  the  lower  telescope  ; 
and  besides,  tlie  needle  will  settle  at  the  samedegVM 
(minutes  by  it  cuinot  be  counted)  in  the  box,  M  the 
moveable  index  will  point  out  on  th^  limb,  provided 
it  is  a  calm  day^  and  no  extraneous  matter  to  attradr 
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it.  If  it  does  not,  I  then  suspect  some  error  has 
been  committed,  and  return  to  the  last  station  to 
prove  it,  before  I  go  farther. 

"  With  regard  to  plotting  off  the  angles  with  the 
horn  protractor  in  the  field,  much  accuracy  is  not 
necessary;  the  use  of  it  being  only  to  keep  the  field 
sketch  regular,  and  to  preserve  the  figure  of  the 
ground  nearly  in  its  just  proportion. 

"  Coming  home,  I  transfer  from  the  firtt  field 
sketch,  plate  20,  all  the  intermediate  distances, 
offsets,  and  objects^  into  the  second,  plate  21, 
nearly  to  their  just  proportions;  and  then  I  am 
ready  to  proceed  upon  sur\^eying  the  interior  parts 
of  the  circuit.  For  doing  this,  the  little  light 
theodolite,  represented  at  Jig.  4,  plate  15,  or  the 
more  complete  one.  Jig.  7j  pldte  14,  will  be  suffi- 
ciently accurate  for  common  sujfveying.  It  is  un- 
necessary for  me  to  describe  farther  the  taking  the 
angles  and  mensurations  of  the  interior  subdivisions 
•of  the  circuit,  but  in  doing  of  which,  the  young 
surveyor  had  best  make  use  of  the  horn  protractor 
and  scale;  because,  if  he  mistakes  a  chain,  or 
takes  an  angle  wrong,  he  will  be  soon  sensible 
thereof  by  the  lines  not  closing  as  he  goes  along ; 
the  more  experienced  will  be  able  to  fill  in  the  work 
sufficiently  clear  >and  distinct  without  them.  The 
field  sketch  will  then  be  such  as  is  given  \n  plate  22^ 
which  indeed  appears  rather  confused,  owing  to  the 
smallness  of  the  scale  made  use  of  to  bring  it 
within  compass ;  but  if  this  figure  was  enlarged  four 
times,  so  as  to  fill  a  sheet  of  paper,  there  would  then 
be  room  for  entering  ali  the  figures  and  lines  very 
distinctly, 

**  Having  finished  this  first  circuit ;  before  I  begin 
to  measure  another,  I  examine  the  chain  I  have 
been  using,  by  another  that  has  not  been  in  use,  and 
find  that  it  has  lengthened  more  or  less,  as  the 
ground  it  has  gone  through  was  rugged  or  smooth, 
#r  as  the  wire  of  which  it  is  made  is  thick  or  small ; 
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the  thick  .or  great  wire  drawing  or  lengthening  more 
than  the  scnall* 

'^  The  careful  surveyor,  if  he  has  more  than  two 
or  three  days  chain  work  to  do,  will  tak,e  care  ta 
have  a  spare  chain,  so  that  he  may  every  now  and 
then  correct  the  one  by  the  other.  The  offset 
staff  is  inadequate  for  this  purpose,  being  toO; 
short  For  field  surveying,  when  no  uncommon 
accuracy  is  required,  cutting  a  bit  off  any  link,  on 
one  side  of  50  links,  and  as  much  on  the  other  side, . 
answers  the  purpose  better  than  taking  away  the 
rings* 

*'  The  above  method  is  what  I  rieckon  the  best  for* 
taking  surveys  to  the  extent  of  ]  00,000  acres  ;  be-^ 
yond  this,'  an  error  from  small  beginnings  in  the 
H^ensuration  becomes  very^ sensible,  notwithstanding 
the  utmost  care;  therefore,  surveying  larger  tracts 
of  country,  as  counties  or  kingdoms^  requires  a 
different  process.  Surveys  of  this  kind  are  mad^, 
from  a  judicious  series  of  triangles,  proceeding  from 
a  base  line,  in  length  not  less  than  three  miles^ 
measured  upon  an  horizontal  plane  with  the  greatest 
possible  accuracy.     Thovnas  MilnCf^ 
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PLOTTING, 

OR  MAKING  A  DRAUGHT  OF  THE  LAND  FROM 

THE  FIELD  NOTES. 


OF   PLOTTING,    AND   OF    THE   INSTRUMENTS    USED   IN 

PLOTTING. 

By  plotting,  we  mean  the  making  a  draught  of 
tlie  laniaftQm  tjie  field  note^.    As  the  instruments 
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necMsary  to  be  used  by  ^  smrveyw  in  tailing  the 
dimensions  of  land,  are  such  wherewith  he  iMf 
ifieastire  the  length  of  a  side,  and  the  qus&tifty  of  an 
AYgle  in  the  field ;  so  the  instruments  coixnnonly 
used  in  making  a  plot  or  draught  thereof,  are  si>eh 
wherewith  he  may  tay  down  the  length  of  a  side,  audi 
the  qoantity  of  an  angle  on  paper.  They  therelbie 
Omsist  in  scales  of  equal  parts  fiw  )a3^ng  down  the 
Imgths  or  distanees,  an<d  protraciers  fcr  laying 
ddwA  the  angles. 

Scales  of  equal  parts  are  of  different  lengths  and 
differently  divided ;  the  scales  commonly  used  by 
^urv^ors,  are  called  ffather-edge  scales  ;  these  are 
made  of  brass,  ivory,  or  box ;  in  length  about  lO 
or  13  inches,  but  may  be  made  longer  or  shorter 
lit  pleasure.  Each  Fcale  is  decimally  divided,  the 
whote  length,  close  by  the  edges,  which  are  made 
fltfoping  in  order  to  lay  close  to  the  paper^  and  nuni- 
beml  0,  1,  2,  3,  4,  &e.  which  are  called  diains, 
and  enery  one  of  the  intermediate  divisions  is  ten 
links,  the  numbers  are  so  placed  as  to  reckon  back- 
wards and  forwards;  the  commencement  of  the 
scale  is  about  two  or  three  of  the  larger  divisions 
from  the  fore  end  of  the  scale ;  these  are  numbered 
backwards  from  O  towards  the  left  hand -with  the 
numbers  or  figures  1,  2,  3,  &c.  these  scales  are  often 
sold  in  sets  of  6,  of  various  chains  to  the  inch.  See 
fig.  2,  plate  Qf% 

The  application  and  use  <^  this  scale  is  easy  and 
expeditious  ;  for  to  lay  down  any  number  of  chains 
from  a  given  point  va  a  given  hne,  p^ce  the  edge 
of  the  scale  in  such  a  manner  that  the  O  of  the  scale 
may  coincide  with  the  given  point,  and  the  edge  of 
the  scale  with  the  given  line,  then  vrith  the  protract- 
ing pin,  point  off  from  the  scale  tlie  given  distance  in 
chains,  or  chains  and  links* 

Fig.  F  G'H,  plate  2,  represents  a  new  scale  or 
rather  scales  of  equal  parts,  as  several  may  be  laid 
down  on  the  sami^  instilment ;  each*,8Cale  is  divided 
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to  every  ten  Imks,  or  tilths  ^  %  ehain,  which  art 
again  subdivided  by  their  respective  noaius  divisicmi 
into  ttngle  links  ;  the  protracting  pin  is  moved  witb 
the  nonins  by  means  of  the  screw  d^  so  that  the 
diatmnces  may  be  set  off  with  such  gresat  accuracy, 
as  not  to  etr  a  single  link  in  setting  off  any  extent^ 
which  in  the  scale  of  four  chains  in  an  inch,  doea 
not  amount  to  more  than  the  >i(XHb  part  of  an  inch* 

Fig.  I K  L,  plate  a,  answers  the  same  purpose  aa 
the  foregoing  instrument,  and  maybe  used  as  a  pro* 
tractor  also. 

For  Mr.  Gale^s  method  of  plotting,  a  method 
which  will  recommend  itself  to  every  attentive  sur* 
vejror,  two  scaks  should  be  used,  one  of  aboi|t  15 
raehes  long,  tfaeothw  about  10  inebes,  each  divided 
Oft  the  edge  horn  one  end  to  the  other;  a  clasp  should 
be  ixed  on  the  sliorter  scale,  whereby  it  may  at 
pieasuR  be  so  fixed  to  the  oilier  scale,  as  to  mov^ 
along  the  edge  thereof  at  right  angl^^  for  the  puv' 
pote  of  laying  off  perpendiculaor  lisies. 

Fig.  F  G  H,  plate  2,  represents  an  inatrument  fet 
this  puFpoae,  with  different  scales  on  the  part  F  G ; 
both  this,  and  that  represented  at  Jig.  I  aL  L,  farni 
exeelleat  parallel  rules.  They  are  also  ssade  only 
with  the  dasp,  if  desired. 

The  protractor  is  a  circle  or  semicircle  of  thin 
brass,  divided  into  d^rees,  and  parts  of  a  degree 
on  the  outer  edge. 

The  common  semicitcular  protractor, /%*.  2»  plait 
3,  is  of  six  or  eight  inches  diameter,  the  limb  divided 
into  180  degrees,  and  numbered  both  ways,  lO, 
00,  30,  &c*  to  1 80 ;  each  degree  is  subdivided  int^ 
two  parts.  In  the  middle  ef  the  diameter  ia  a  small 
mark,  to  indicate  the  centre  of  the  protractor ;  this 
mark  most  be  always  placed  on  the  given  angular 
point. 

The  common  circular  protractor  is  more  useful 
than  the  semicircular  one  ;  the  outside  edge  is  di- 
vided into  36o  d^preesy  and  numbered  10,  20,  30, 
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!»>  360 ;  edch  degree  is  subdivided  into  halves.  Iq 
tbe  middle  of  the  diameter  is  a  small  mark^  which 
18  to  be  placed  on  the  angular  point,  when  an  aii- 
gl'e  is  to  be  protracted;  the  diameter,  representing 
a  meridian,  must  be  placed  on  the  meridian  of  any 
plan,  where  the  bearing  of  any  object  is  to  be  laid 
down.  The  application  of  this  instrument  is  so  easy 
and  simple,  that  examples  of  its  use  are  unnecessary 
here, 

OF   THE   BEST   PROTRACTORS. 

Fig.  4,  plate  17^  represents  a  best  kindof  circular 
brass  pratracitor,  with  a  moveable  index  and  nonkis 
^cald;  it  is  the  kind  found  most  useful  and  accurate 
in  practice.  The  circle  or  limb  is  generally  made 
about  6  inches  in  diameter,  and  divided  in  the  best 
manner,  by  the  dividing  engine  into  36o%  each  de- 
gree is  subdivided  into  3  minutes,  or  one  minute,  ^la 
maybe  desired,  by  the  nonius,  which  with  the  index 
is  moved,  round  the  limb  or  circle  of  the  protractor 
on  a  conical  perforated  centre.  The  centre  of  the 
protractor  is  formed  by  a  fine  line  accurately  drawn 
in  the  middle  of  the  chamfered  edge  of  a  semicircu-- 
lar  brass  plate  fixed  in  the  centre,  or  by  the  intersecr 
tionof  two  fine  lines  drawn  on  a  circular  glass  plate 
fixed  in  the  centre,  see  Jig.  5,  which  is  considered 
by  some  preferable  to  the  brass  plate.  At  the  extrer 
mity  of  the  index  beyond  the  limb  is  fixed  a  fine  steel 
point,  in  a  direct  line  with  the  centre  of  the  protrac- 
tor, and  the  first  division  of  the  nonius :  by  this 
point  the  angles  are  dotted*,  precisely  on  the  paper. 
On  the  inner  circle  of  the  limb  there  are  four  fine 
lines  drawn  on  chamfered  edges,  which  are  some** 
times  used  to  coincide  with  two  pencil  lines  drawn 
at  right  angles  on  tbe  paper,  in  order  to  determine 
the  central  situation  of  the  protractor  on  the  line,  in 
a  more  ready  manner  than  by\he  central  mark  above- 
mentioned,  an  inspection  of  the  figure  will  reuder. 
ikny  further  description  unnecessary. 
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Fig*  5,  represents  the  same  instrument,  but  the 
motion  of  the  index  and  points  by  rack  work  and 
pinion.  There  are  two  protracting  points  diametri* 
cally  opposite,  which  serve  to  point  out  any  errors  iu 
placing  tbe.centre,  and  to  save  trouble  in  the  opera- 
tion of  protracting.  A  continued  index  with  double 
points  is  often  applied  to  the  protractor  without  rack 
work,  ^g.  4. 

Fig.  7 9  plate  ll,  represents  a  protractor  framed 
upon  a  strong  and  convenient  principle,  in  order  to 
extend  its  uses.  By  unscrewing  the  nut  at  D,  the 
pointer  A  may  be  fixed  at  any  required  distance  froni 
tbe  centre,  and  the  spring  or  unsteadiness  of  the 
bar  is  relieved  by  the  friction  wheel  B.  By  the  rule 
£  F,  a  tangent  or  perpendicular  line  may  be  drawn  at 
any  angle  protracted,  &c,  as  will  be  shewn  hereafter4 

QF   PLOTTING,   OR   MAKING   A   DRAUGHT  OF  THE    ' 
I.AND   FROM   THE    FIELD   NOTES. 

The  common  method  of  plotting  is  this ;  take  a 
sheet  of  paper  of  convenient  size,  draw  a  line 
thereon^  to  represent  the  magnetic  meridian,  and 
assign' any  convenient  point  therein  to  represent  the 
place  where  the  survey  commenced ;  lay  the  edge  of 
the  protractor  on  this  meridian  line,  and  bringing 
the  centre  thereof  to  the  point  so  assigned  to  repre- 
sent the  place  of  beginning,  mark  off  the  degrees 
and  minutes  of  the  first  course  or  bearing  by  the 
limb  of  the  protractor,  and  draw  a  line  from  the 
place  of  beginning  through  the  point  so  marked, 
laying  off  its  proper  length  or  distance  by  the  scale 
of  equal  parts ;  this  line  will  represent  the  first  line 
of  the  survey.  Through  the  point  or  termination 
of  the  said  first  line  of  the  survey,  draw  another 
line,  representing  the  magnetic  meridian,  parallel 
to  the  former:  and  lay  off  the  course  or  bearing 
pf  the  second  line  of  the  survey  by  the  protractor, 
and  it»  length  by  the  scale  of  equal  parts^  as  before  i 
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md  8o  proceed,  tit.  the  whota  be  bid  down ;  and  jou 
will  have  a  plot  cr  draught  of  the  rarv^. 

For  cvampte.  Let  it  be  required  to  nake  a  pbt 
6r  draught  of  the  field  notes% 

lit.  Draw  any  line^  as  N  A  S,  Jig.  1,  plate  lft» 
to  i«present  the  magnetic  meridian,  and  as«gi»  any 
eonvenient  point  therein,  as  A,  Xfii  rcpvesent  tlie 
place  of  beginning  the  survey ;  lay  the  edge  of  the 
protractor  on  the  line  N  A  S,  with  the  centre  there- 
cyf  at  the  point  A,  and  mark  oK seven  degrees  mi  the 
limb  to  the  westward,  or  left  hand  of  the  north,  and 
draw  tlie  line  A  B  through  the  point  so  marked  off], 
making  the  length  thereof  2 1  chains  by  the  scale  off 
equal  parts,  idly.  Draw  another  meridian  line 
N  B  S,  through  the  point  B^  parallel  to  the  former^* 
Lay  the  edge  of  the  protractor  on  this  second  meri* 
dian  line  N  B  S,  with  the  centre  thereof  at  the  point 
B>  and  mark  off  55^  1 5'  on  the  limb  to  tiie  r^t 
hand,  or  eastward  of  the  north  ;  and  'draw  the  hne 
B  C  through  the  point  so  marked  off,  making  the 
length  thereof  ]  8  chains  90  links  by  tlie  s<^c  of 
equal  parts.  Sdly.  Draw  another  meridian  line 
N  C  S,  through  the  point  C,  parallel  to  the  former ; 
kty  the  edge  of  the  protractor  to  this  third  meridktfi 
line  N  C  S,  with  the  centre  thereof  at  the  point  C, 
and  lay  down  the  third  course  and  distance  C  D,  in 
the  same  manner  as  before ;  and  so  proceed  with 
all  tlie  other  lines,  D£,  £F,  FG,  6  A;  and  if 
the  last  line  shall  terminate  in  the  place  of  ban- 
ning, the  work  closes^  as  it  is  called,  and,  ail  ii 
ri^t.  But  if  the  last  line  does  not  terminate  in  the 
place  of  beginning,  there  must  htfve  been  a  mistake 
either  in  taking  the  notes,  or  in  the  protraction  of 
them  ;  in  such  case,  therefore,  it  will  be  necessary  to 
go  over  the  protraction  again,  and  if  it  be  not  found 
then,  it  must  of  course  be  in  tibe  field  notes^  to  eor* 

*  These  parallel  lines  naay  be  draim  wltfi  tbs  least  trouI>le  by 
a  pandlel  rme* 
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MR.   GALE^S   MGTHOD  OF   PLOTTING. 

The  forec;ping  method  of  plotting  is  liable  to  some 
inaccuracies  of  practice^  on  account  of  having  a 
new  meridian  for  every  particular  line  of  the  survey, 
and  on  account  of  laying  off  every  new  line  Jrom  the 
point  of  termination  of  the  preceding  oney  whereby 
any  little  inaccuracy  that  may  happen  in  laying 
down  one  line  is  communicated  to  the  rest.  But 
there  is  a  second  method  of  plotting,  by  which 
these  inconveniences  are  avoided,  andf  by  which 
also  the  accuracy  or  inaccuracy  of  the  field  work 
is  decided  with  precision  and  certainty ;  I  would, 
therefore,  recommend  this  second  method  to  the 
practitioner,  as  far  preferable  to  any  other  I  have 
seen. 

2d  Method*  Take  out  from  the  first  table  in  the 
Appendix  to  this  fVork,  the  northings,  southings, 
eastings,  and  zvestifigs,  made  on  each  of  the  several 
lines  of  the  survey,  placing  them  in  a  kind  of  table 
in  their  respective  columns;  and,  if  the  sum  of  the 
northings  be  equal  to  the  sum  of  the  southings,  and 
the  sum  of  the  eastings  equal  to  the  sum  of  the  west- 
ings, the  work  is  right,  otherwise  not.** 

Then  in  an  additional  column  put  the  whole 
quantity  of  northing  or  of  southing  ^madc  at  the 
termination  o^  each  of  the  several  lines  of  the  sur- 

*  Tbe  tnHh  of  this  observation  cannot  but  appear  self  evident 
to  the  reader.  For  the  meridians  within  the  limits  of  an  ordinary 
survey  having  no  sensible  difference  from  parallelisro,  it  must  ntf 
cessanly  follow,  tbat  if  a  peraon  travel  any  way  soever  with  such 
nail  Houtab  aad  al  length  oome  round  to  the  place  where  he  set 
out,  he  must  have  travelled  as  lar  to  the  northward  as  to  the 
southward,  and  to  the  eastward  as  to  the  westward,  though  die 
practical  surveyor  will  always  find  it  difficult  to  make  his  work 
close  with  tbip  perfect  degree  of  exactness. 
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vcy ;  which  will  be  determined  by  adding  or  snb^ 
tracting  the  northing  or  southing  made  on  each  par- 
ticular line,  to  or  Jrojn  the  northing  or  southing 
made  on  the  preceding  line  or  lines.  And  in  an- 
other additional  column,  put  the  whole  quantity  of 
easting  or  westing  made  at  the  termination  of  each 
of  the  several  lines  of  th^  survey,  which  will  be  de- 
termined in  like  manner  by  adding  or  subtracting 
the  easting  or  westing  made  on  each  particular  line^ 
to  or  from  the  easting  or  westing  made  on  the  jpreced- 
ing  line  or  lines. 

The  whole  quantity  of  the  northings  or  south- 
ings, and  of  the  castings  or  westings,  made  at  the 
terminations  of  each  of  the  several  lines,  being  thus 
contained  in  these  two  additional  columns,  the 
plot  may  be  easily  laid  down  from  thence,  by  a 
scale  of  'fequal  parts,  withput  the  help  of  a  pro- 
tractor- 

It  is  best,  however,  to  use  a  pair  of  scales  with  a 
cTai^p,*  whereby  the  one  may  at  pleasure  be  so  fast- 
ened to  the  other,  as  to  move  along  the  edge  there- 
of at  right  angles,  so  that  the  one  scale  may  repre- 
sent the  meridian,  or  north  and  south  line,  the 
other,  an  east  and  west  line.  It  may  also  be  ob- 
served, that  in  order  to  avoid  taking  the  scales  apart 
during  the  work,  it  will  be  necessary  that  the  wnole 
of  the  plot  lay  on  one  side  of  that  scale  which  repre- 
sents the  meridian  ;  or  in  other  words,  the  stationary 
scale  should  represent  an  assumed  intridian^  laying 
wholly  on  one  side  of  the  survey.  On  this  account 
it  will  be  necessary  to  note  in  a  third  additional  co- 
lumn of  the  preparatory  table,  the  distances  of  each 
of  the  corners  or  terminations  of  the  lines  of  the 
survey,  east  or  west  from  such  assumed  meridian.  In. 
practice,  it  is  rather  more  convenient  that  this  as- 
sumed meridian  should  lay  on  the  west  side,  thaii 
on  the  east  side  of  the  survey, 

•« 

*  *  Or  one  of  those  at/^.  FG  H,  or  I KL,  flai^  2, 
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The  above-mentioned  additional  column,  as  has 
•been  already  observed,  contains  the  distance  of  each 
of  the  comers  or  terminations  of  the  lines  of  the 
survey,  eastward  or  westward,  from  that  magnetic 
meridian  which  passes  through  the  place  of  begin- 
ning the  survey.  In  order,  therefore,  that  the  as- 
sumed meridian  should  lay  entirely  without  the  sur- 
'  vey,  and  on  the  west  side  thereof,  it  will  only  be  ne- 
cessary that  its  distance  from  that  meridian,  which 
passes  through  the  place  of  beginning  should  be 
somewhat  greater  than  the  greatest  quantity  or  west- 
ing contained  in  the  said  second  additional  column. 
Let  then  an  assumed  number  somewhat  greater  than' 
the  greatest  quantity  of  westing  contained  in  the 
second  additional  column,  be  placed  at  the  top  of 
the  third  additional  column,  to  represent  the  dis- 
tance of  the  place  of  beginning  of  the  survey  from  the 
assumed  meridian.  Let  the  several  eastings,  con- 
tained in  the  second  additional  column^  be  added  to 
this  assumed  number,  and  the  several  westings  sub- 
tracted from  it ;  and  these  sums  and  remainders  be- 
ing respectively  placed  in  the  third  column,  will 
shew  the  distance  of  the  several  corners  or  termina- 
tions of  the  lines  of  the  siirvey  from  the  assumed  me- 
ridian. 

The  preparatory  table  being  thus  made,  take  a 
sheet  of  paper  of  a  convenient  size,  or  two  or  more 
sheets  pasted  together  vvith  a  little  paste  or  mouth 
glue,  in  case  a  single  sheet  should  not  be  large 
enough  ;  and  on  the  left  hand  of  the  intended  plot 
draw;  a  pencil  line  to  represent  the  assumed  meri- 
dian, on  which  lay  the  stationary  scale.  Place  the 
moveable  scale  to  any  convenient  point  on  the  edge 
of  the  former,  and  point  off  by  the  edge  of  the  lat* 
ter,  according  to  any  desired  number  of  chains  to 
an  inch,  the  assumed  distance  or  number  of  cliains 
contained  at  the  top  of  the  above-mentioned  third 
column  of  the  preparatory  table.  Move  the  move- 
able $cale  along  the  edge  of  the  stationary  one. 
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to  the  sevaral  north  or  Muth  dUtMoes  Mateined  in 
the  first  of  the  above-mentioned  addittontl  columas; 
to  will  the  points  thus  marlced  off  repfesent  the 
several  comers  or  terminatioas  of  the  lines  of  the 
survey  ;  and  lines  being  drawn  from  one  fioint  to 
the  other,  will  of  course  represeat^he  several  lines  of 
the  survey. 

Example.  Let  it  be  .required  to  make  a  plot  or 
draught  of  the  field  notes^  p.  212>,  according  to  Mr. 
Qale^s  method. 

The  prepsratory  table  will  be  as  follows  : 


Counes  and  dii- 
mncn  as  taken  io 
Ok  add. 


Northings,  soutbings, 
cattiiigs,  and  wesclnirs, 
made  on  tboierespective 
coarsM  and  distances. 


N.  and  S, 
dUtances 
from  the 
place  of 
bef^oning 
to  the  end 
of  eocfa 
line. 


E.  and  W. 

distances 
from  ilie 
place  of 
beginning 
to  the  end 
of 
line. 


IMsiances 
of  the  ends 
of  each 
line  frofli 
the  as- 
sumed 
meridiaii. 


o  ch. 
I.N.  7  W.8I  00 
8.N.55  15E.18  80 
S.S.SS  aOE.14  40 
4.S.40  W.ll 
5.S.  4  I5E.14 
S.N.7346W.18  40 
T.S.  58     W.  •  17 


N. 

80  64 
10  37 


3  47 


8.    I  £. 


066 

8  43 
13  96 

564 


14  05) 
18  77 

1  04 


W. 

2  56 


7  07 

II  90 
7  23 


N, 
N. 
N. 
N. 
ff. 
N. 
N. 


80  86 

81  81 


W. 
E. 


56  E 


84 
16  13 


8 

5 
0 


17 
64 

00 


E. 
E. 
E. 


8  56 
li  30 
85  16 
18  09 


IE. 
E. 


19 

7 
0 


IS 
83 

00 


34  6834  68  88  7688  76 


The  northiDgs  and  southings,  eastings  and  west- 
ings in  the  above  table,  ai*e  taken  irom  the  first 
table  in  the  Appendix ;  thus,  first  find  the  course 
7  degrees  in  the  table,  and  over  against  21  diains, 
in  the  column  marked  dist.  you  have  20.843  in  the 
column  marked  N.  S.  which,  rejecting  the  right 
hand  figure  3  for  its  insignificancy,  is  20  chains 
84  links  for  the  quantity  of  northing,  and  in  the  co-. 
lumn  marked  £•  W.  you  have  2.559,  very  near  2 
chains  and  56  links  for  the  westing  made  on  that 
course  and  distance.  2*  Find  the  next  course 
55.15  in  the  table,  and  over  against  18  chains  in 
the  column  dist.  you  have  10  chains  26  links  in  the 


•okimti  iDsA*ked  N.  S.  and  14<3hains  79  links  m  the 
eoliimn  marked  £•  W.  and  over  i^ainst  QtO  links  in 
the  coluinn  dist  yoa  have  1 1  links  in  the  coluoin 
N.  S.  and  16  links  in  the  column  marked  E.  W. 
which,  puttogether,  make  10  chains  37  links  for  the 
nortbingy  and  14  chains  95  links  fc^  the  easting  made 
on  the  second  course;  and  so  of  the  rest. 

The  Aorth  and  south  distances  made  from  the  place 
of  beginning  to  the  end  of  each  line,  contained  in 
the  next  column,  are  determined  thus*  On  the 
first  course^  20  chains  and  84  links  of  niNrthing  was 
Kiade ;  on  the  second  course,  IQ  chains  37  links  of 
northings  which,  added  to  the  preceding,  makes  31 
ehains  21  links  of  northing ;  on  the  third  course  was 
made  6  chains  65  links  of  s^outhing,  which  subtracted 
from  the  preceding  31  chains  21  links  of  northing, 
makes  24  chains  56  links  of  northing ;  and  so  of 
the  rest* 

The  east  and  west  distances  made  from  the  place 
of  beginning  to  the  end  of  each  line,  contained  in 
the  next  right  hand  column,  are  determined  in  the 
same  manner ;  thus,  on  the  first  course  was  made  2 
chains  56  links  of  westing ;  on  the  second  course  14 
chains  25  links  of  easting,  from  which  subtracting 
the  preceding  2  chciins  ^6  links ^  westing,  there  re- 
mains 12  chains  3Q  links  of  easting;  on  the  third 
course  was  made  12  chains  77  links  of  easting, 
which  added  to  the  preceding  1 2  chains  3Q  links, 
makes  25  chains  16  links  of  easting;  and  so  of  the 
rest. 

The  distances  of  the  end  of  each  line  from  the 
assumed  meridian,  contained  in  the  next  right  band 
column,  are  thus  determined.  The  first  assumed 
number  may  be  taken  at  pleasure,  provided  only 
that  it  exceeds  tlie  greatest  quantity  of  westing  con- 
tained in  the  preceding  column,  whereby  the  as- 
sumed  meridian  shall  be  entirely  out  of  the  survey. 
In  the  foregoing  example,  the  greatest  quantity  of 
westipg  contained  in  the  preceding  column  is  .2 
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chains  56  liaks ;  the  nearest  whole  number  greatef 
than  this  is  3  chains^  which  is  accordingly  taken  and 
'  placed  at  the  top,  to  represent  the  distance  between 
the  assumed  meridian  arid  the  place  of  beginning 
the  survey ;  from  this  3  chains  subtract  1  chains  56 
links  of  westing,  there  remain?  44  links  for  t^e  dis- 
tance between  the  terminations  of  the  first  line  and 
the  assumed  meridian.  The  12  chains  Sg  links  of 
easting  in  the  next  step,  is  added  to  the  assumed 
3  chains,  which  make  1 5  chains  39  links  for  the  dis- 
tance of  the  terjnination,  by  the  second  line  from 
the  assumed  meridian.  The  23  chains  1 6  links  of 
easting  in  the  next  step,  being  added  in  like  manner 
to  the  assumed  3  chains  make  28  chains  16  links  for 
the  distance  of  the  termination  of  the  third  line  from 
the  assumed  meridian ;  and  so  on,  always  adding 
the  eastings  and  subtracting  the  westings  from  the 
first  assumed  number. 

The  •  prejwratory  table  being  completed,  take  a 
sheet  of  paper  or  more,  joined  tc^ether .  if  necessary, 
and  near  the  left  hand  edge  thereof  rule  a  line  as 
N.  S.  Jig.  2,  plate  18,  to  represent  the  assumed  me- 
ridian ;  on  this  line  lay  the  stationary  scale,  and  as- 
suming Cy  as  a  convenient  point  therein  to  represent 
the  point  directly  west  from  the  place  of  beginning, 
bring  the  moveable  scale  to  the  point  tf,  and  lay  off 
the  first  number  contained  in  the  last- mentioned  co- 
lumn of  the  preparator}^  table,  viz.  3  chains,  from  a 
to  A,  and  A  will  represent  the  place  of  beginning  of 
the  survey.  Move  the  moveable  scale  along  the 
stationary  one  to  the  first  north  and  south  distance 
from  the  pFace  of  beginning,  viz.  20.84  fi^om  a  to  b, 
and  lay  off  the  corresponding  distance  from  the  as- 
sumed meridian,  0.44,  from  bto  B,  and  draw  AB, 
so  will  AB  represent  the  first  line  of  the  survijy; 
again,  move  the  moveable  scale  along  the  stationary 
one,  to  the  third  north  and  south  distance  from  the 
place  of  beginning,  viz.  N.  31.21  from  a  to  c;  and 
Uy  off  the  corresponding  distance  from  the  assumed' 
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itieridito,  viz.  15.39,  ^^^  ^  ^^  ^9  ^^^  ^^^^  ^  ^9 
so  will  B  C  represent  the  second  line  of  the  survey. 
Again  move  the  moveable  scale  along  the  stationary 
one  to  the  tliird  north  and  south  distance  from  the 
place  of  beginning,  viz.  24.56,  from  a  to  d,  and  lay 
off  the  corresponding  distance  from  the  assumed  me- 
ridian, viz.  28. 16,  and  draw  CD,  which  will  be  the 
third  line  of  the  survey*  Proceed  in  the  same  man-^^ 
uer  till  the  whole  be  laid  down,  and  A  B  C  D  £  F  G 
will  be  the  required  plot. 

.  This  method  of  plotting  is  by  far  the  most  perfect, 
and  the  least  liable  to  error  of  any  that  has  been  con-* 
trived.  It  may  appear  to  some  to  require  more  la- 
bour than  the  common  method,  on  account  of  the 
computations  required  to  be  made  for  the  prepara* 
tory  table.  These  computations  are  however  made 
with  so  much  ease  and  expedition,  by  the  help  of 
the  table  in  the  appendix,  that  this  objection  would 
vanish,  even  if  the  computation  were  of  no  other  use 
but  merely  f  or  plot tifig;  but  it  must  be  observed  that 
these  computations  are  of  much  further  use  in  deter- 
mining the  area  or  quantity  of  land  contained  in  the 
survey^  which  cannot  be  ascertained  with  equal  ac* 
curacy  in  any  other  way.  When  this  is  considered, 
it  will  be  found  that  this  method  is  not  only  prefer- 
able on  account  of  its  superior  accuracy^  but  is  at- 
tended with  less  labour  on  the  whole  than  the  com- 
mon method. 

If  a  pair  of  scales,  such  as  are  above  recommend- 
ed, be  not  at  hand,  the  work  may  be  laid  down  from 
a  single  scale,  by  first  marking  off  the  N.  and  S. 
distance  on  the  line  N.  S.  and  afterwards  laying 
off  the  corresponding  east  distances  at  right  angles 
thereto. 

To  plot  the  field  notes^  p.  3 1 8.  1 .  Lay  down  all 
the  station  lines,  viz.  7°  W.  21  chains,  N.  55.15, 
£•  18.  20,  &c.  contained  in  the  middle  column  of 
the  field  book,  as  before  directed,  without  paying 
any  regard  to  the  offsets,  until  all  the  station  lincs^ 


9ia  MR.   iBALft*8  METttOD 

represented  in^g,  3^  pi.  IB,  by  dotted  linear  belaid 
down ;  then  lay  off  the  respective  ofisets  at  right 
angles  from  the  station  line,  at  the  respective  dis- 
tances at  which  th^  were  taken,  as  is  done  at^^.  3, 
a  bare  inspection  of  which  will  make  the  work  per- 
fectly plain. 

To  plot  the  field  notes,  p.  898.  1.  Lay  down  the 
whole  of  the  oatside  boundaries^  the  station  lines 
first,  the  oflsets  afterwards,  as  directed  in  the  preced« 
ing  articles;  and  then  lay  down  the  internal  divisions 
m*  boundaries  of  the  respective  fi^elds,  in  the  same 
manner  as  is  done  in  fig.  4.^ 

OBSEIVATIONS   ON  PLOTTING,   BY  MR.   MILNE. 

The  protractor,  whether  a  whole  or  a  semicircle, 
ought  not  to  be  less  in  diameter  than  seven  or  eight 
inches,  to  insure  the  necessary  degree  of  accuracy 
in  plotting  the  angles  oi  a  survey.  The  degrees 
on  the  limb  are  numbered  various  ways,  but  most 
commonly  from  10^  QXf,  &c.  to  36o^  It  would  be 
right  to  repeat  the  numbers  the  contrary  way,  when 
the  breadth  of  the  limb  will  admit  of  it.  Others  are 
numbered  10®  20^,  &c.  to  180%  and  contrary.  Sur* 
veyors  will  suit  themselves  with  that  kind  best  adapt- 
ed to  their  mode  of  taking  angles  in  the  field ;  sa 
that  in  which  ever  way  the  limb  of  the  instrument 

*  Mr.  Gde't  method  of  tunreying  and  plotting  ia  not  entire] j 
new:  thefirst  pubUcaticHi  of  them  gppean  in  a  pamplilet  printed 
in  Dublin,  176O9  entitled,  A  Method  to  determine  the  Areas  of 
Right-lined  Figures  universally^  very  useful  for  ascertaining  ihie 
Contents  of  any  Suroeyf  By  the  fate  Thomas  Buroh,  Esq. 
Engineer  and  Surveyor^General  £f  His  Maj£$ty*8  Fort^fica^ 
tions  and  Buildings  in  Ireland* 

Mr.  Benjamin  Nolle,  in  his  Essay  on  Surveyings  8vq.  Dublini» 
1?67»  treats  of  this  method  under  some  improvement. 

Mr.  A.  Bume,  in  his  Surveying,  8vo,  1775,  ha»  avowed  and 
fidopted  Mr.  Burgh*s  method  and  tables. 

Mr.  Robert  Gjoson^  in  his  Surveying,  8vd.  Dublin,  5th  edit- 
1795,  describes  Mr.  Burgh^s  method  and  tabliis,  without  any 
reference  to  him  as  the  inventor.    Edit. 
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they  survey  with  is  graduated^  the  protractor  had  best 
be  the  same. 

It  is  tru^^  a  surveyor  of  much  practice  will  read 
off  an  angle  mentally  very  readily,  in  which  ever 
Way  the  instrument  happens  to  be  graduated. 

For  instance,  I  have  in  the  field  taken  the  atlgles 
made  with  the  magnetic  meridian,  in  which  case  I 
count  no  angle  above  89^  59' ;  if  the  angle  comes  to 
go*"  0',  I  call  it  due  E.  or  due  W.  if  it  is  89**  59',  I 
write  to  it  N-  E.  or  S.  E.  or  else  N.  W.  or  S.  W.  M 
it  happens  to  turn  but. 

Now  89*  59'  N.  E.  upon  a  protractor  numbered 
to  300^  (f,  and  placing  36o  to  the  north,  reads  the 
same ;  but  89''  59'  S.  E.  reads  90""  V,  and  89""  dgf 
8.  W.  reads  269''  59' ;  and  lastly,  89*"  S9'  N.  W. 
reads  lyof  l\ 

A?ain,  if  the  angle  or  bearing  is  due  south,  it  reads 
on  this  protractor  180'';  if  (f  l'  S.  E.  it  reads  179** 
59' ;  and  if  O""  V  8.  W.  it  is  180°  1' ;  and  so  of  any 
other  intermediate  angle  or  beating. 

The  great  inducement  to  surveyors  for  taking  thfe 
angles  by  the  bearings  the  lines  make  with  the  mag- 
netic meridian,  is  the  having  the  needle  as  a  check 
in  the  course  of  the  survey ;  arid  when  the  circuit 
comes  to  be  plotted,  having  it  in  his  power  to  point 
off  alt  the  angles,  or  bearings  of  the  circuit,  at  ohe 
planting  of  the  protractor. 

This  mode  of  surveying,  or  takijig  angles,  is  also 
more  eitpeditious,  and  more  accurate  than  any  other, 
providea  the  index  of  the  instrument  is  furnished 
with  a  clamp  for  making  it  fSist  to  the  limb,  while  it 
is  carrying  from  one  station  to  another. 

The  protractor  for  plotting  this  way  of  surveying 
had  best  be  graduated  lO,  !20,  &c.  to  180,  on  the' 
right  band,  and  the  same  repeated  on  the  left,  and 
again  repeated  contmry  to  the  former ;  but  as  pro- 
tractors for  general  use  are  graduated  10,  20,  &c.  to 
3^0,  I  shall  here  describe  a  very  useful  and  conve- 
nient one  of  this  latter  kind,  and  then  proceed  to 
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give  ao  example  of  plotting  all  the  angles  of  a  cir- 
cuit  by  it  from  one  station. 

This  protractor  is  represented  ^tjig.  5,  plate  17 • 
Its  diameter,  from  pointer  to  pointer,  is  Q^  inches; 
the  centre  point  is  formed  by  two  lines  crossing  each 
other  at  right  angles,  which  are  cut  on  a  piece  of 
glass.  The  limb  is  divided  into  degrees  and  half 
degrees,  having  an  index  with  a  nonius  graduated  to 
count  to  a  single  minute,  and  is  furnished  with  teeth 
and  piaion,  by  means  of  whicli  the  index  is  moved 
round,  by  turning  a  small  nut.  It  has  two  pointers^ 
one  at  each  end  of  the  index,  furnished  with  springs 
for  keeping  them  suspended  while  they  are  bringing 
to  any  angle  ;  and  being  brought,  applying  a  finger 
to  the  top  of  the  pointer,  and  pressing  it  dovi^n,  pricks 
off  the  angle.  There  is  this  advantage  in  having 
two  pointers,  that  all  the  bearings  round  a  circuit 
may  be  laid,  or  pricked  off,  although  the  index  tra- 
verses but  one  half  of  the  protractor.* 

het^g.  5,  plate  13,  be  the  circuit  to  be  plotted. 
I  draw  tlie  magnetic  meridian  N.  S.Jig.  6,  plate  13, 
and  assigning  a  point  therein  for  station  1,  place  the 
centre  of  the  above  described  protractor  upon  it, 
with  360^  exactly  to  the  north,  and  180**  to  the  south 
of  the  magnetic  meridian  line  N.  S.  For  the  con- 
veniency  of  more  easily  reading  off  degrees  and  mi- 

♦  The  protractor,  represented jji^.  7,  pZate  11,  is  circular,  as 
before  partly  described  at  page  313;  the  centre  is  also  formed  by 
the  intersection  of  two  lines  at  right  angles  to  each  other,  whicn 
are  cut  on  glass,  that  all  parallax  may  thereby  be  avoided;  the  iii>- 
dex.  is  moved  round  by  teeth  and  pinion.  The  limb  is  divided 
into  degrees  and  half  degrees,  and  subdivided  to  every  minute  by 
the  nonius ;  the  pointer  may  be  set  at  any  convenient  distance 
from  the  centre,  as  the  socket  which  carries  it  moves  upon  the  bar 
6  C,  and  is  fixed  thereto  by  the  nut  D.  At  right  angles  to  the^ 
bar  B  C,  and  moveable  with  i^,  there  is  another  bar  £  r ;  on  this 
bar  different  scales  of  equal  parts  are  placed,  so  that  by  moving  a 
square  against  the  inner  edge  thereof,  angles  may  be  transferred 
to  any  distance  from  the  centre^  containiog  the  same  number  of 
degrees  marked  oat  by  the  index ;  the  use  of  which  will  be  evi* 
dent  from  Mr.  Milne's  observations. 

Q 
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nutes,  I  bring  the  nonias  to  the  south  side  of  the  pro- 
tractor, or  side  next  to  me  ;  and  seeing  by  the  field 
sketcli^  or  eye  draught, ^g*.  5^  that  the  bearing  from 
station  1  to  station  2  is  87°  30'  S.  £.  I  readily  con- 
ceive it  wanting  2°  30'  of  being  due  east,  or  90°  O' ; 
therefore,  adding  mentally  2°  30'  to  goP  0\  I  make 
Q2°  SO'  on  this  protractor,  to  which  I  bring  the  no- 
nius, and  then  make  a  dot  by  pressing  down  the 
pointer  of  the  protractor,  and  with  my  lead  pencil 
mark  it  1.  The  bearing  from  station  2  to  station  3 
being  10**  15'  N.  E.  see  Jig.  5,  I  bring  the  nonius, 
for  the  sake  of  expedition  and  ease  of  reading  off,  to 
10°  15'  S.  W.  which  is  upon  this  protractor  190°  15\ 
and  pressing  down  the  north  pointer,  it  will  mark  off 
10°  15'  N.  E.  which  I  mark  with  my  pencil,  2. 

The  bearing  from  station  3  to  station  4  being  85^ 
13'N.  E-  I  readily  see  this  is  wanting  4°  17'  of 
being  due  east;  therefore  I  bring  the  nonius  to  within 
that  of  due  west,  which  upon  this  protractor  is  265^ 
13',  and  pressing  down  the  N.  £•  pointer,  it  will 
prick  off  85°  13'  N,  E.  which  I  mark  3, 

The  bearing  from  station  4  to  station  5  being 
11°  5'  N.  W.  I  bring  the  nonius  to  168®  55^,  and 
with  the  opposite,  or  north-west  pointer,  dot  off 
1 1°  5'  N.  W.  which  I  mark  4. 

In  like  manner  I  dot  off  the  bearings  from  sta« 
tion  5  to  6,  from  6  to  7,  and  from  7  to  1,  which 
closes  th(^.  circuit ;  marking  them  severally  with  my 
Pencil  5,  6,  7* 

Then  laying  aside  the  protractor,  and  casting  my 
eye  about  the  tract  traced  by  the  pointer  of  the  pro- 
tractor for  the  bearing  from  station  1,  marked  1,  I 
apply  the  ruler  to  it  and  station  1,  and  drawing  a 
line,  mark  off  its  length  by  compasses  and  scale, 
eight  chains,  which  iixes  station  2. 

Again,  casting  my  eye  about  the  tract  traced  by 
the  pointer  of  the  protractor,  for  the  2  bearing, 
marked  2,  I  apply  the  parallel  ruler  to  it  and  sta- 
tion I,  and  moving  the  ruler  parallej^  east  ward,  till  its 
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edge  touches  station  1|^»  t  fvoqi  thefice  dr^w  a  Uois 
northward,  and  by  ac^e  9^  cMt^paases  mark  its 
length,  ftye  chains,  to  steitipfi  3.  Thus  the  bearing 
W  15'  N.  £.  at  station  1,  is  transferred  to  station  2, 
83  will  easily  be  conceived  by  aupposijipig  the  |K)i|its 
a,  h,  moved  eastward,  preservni^  their  parallelisjpa  till 
they  fell  into  the  points  of  statio^i  2  md  3^  formiiig 
in^^.  6,  the  parallelogram  a^  b,  3, 2. 

It  is  evident  this  bearing  of  la^  I5f  N.  £.  is  by 
this  means  as  truly  plotted  as  if  a  second  meridian 
line  had  been  drawn  parallel  to  the  first  firom  sta- 
tion 2,  and:  the  bearing  10^  15^  N.£.  laidofffiK>m 
it,  as  was  the  common  method  of  plotting,  previoun 
to  the  ingenious  Mr.  Wiltiam  Gardmer  comnmnica- 
ting  the  toore  ^peditipus  aj^d  more  acci:(rate  mpde  to 
the  public.  However,  its  accuracy  depends  entire* 
ly  uppn  using  a  parallel  ruler  that  uiov^s  truly  paral^* 
lei,  which  the  artist  will  do  weU  to  look  to^  before  he 
proceeds  to  this  way  of  plottwg. 

Station.  3  being  thus  fixed,  to  find  stolon  Ay  I  ca^l 
my  eye  about  the  tract  traced,  by  the  pointer  of  the 
protractor  for  the  bearing  mai;kedi  3^  and  applying 
the  panallelruler  to  it  and  station  1,  move  the  rule9 
parallel  thereto  nortiiward^  till  it  touch  station  S ; 
and  from  thence drawalinenortlji-eastward^  and  by 
scale  andrcompassea  markiiiig  iits  leng^,  tb^*ee  chajns^ 
station  A  is  ibqnd» 

Now  conceive  the  points  q,  d,  n^oyed  northward, 
preserving  their  parallelism  till  they  fall  into  tlie- 
points  of  stations  3  and  4 ;  and  thus  station  4  has 
the  same  bearing  firom.  station  3^  as  c  or  d  has  from^ 
station  U 

In  the  same  manner  I.  pipceed  to  the  next  bearing 
A ;  and<  }>lacing  the  ruler  to  tlie  point  made  by  the 
pointer  of  the  protractor  at  A,  and  station. !«,  and  mov^ 
ing  the  nuler  parallel  till  its.  edge  touch  station  4 ; 
from  thence  draw  a  line,  andt  mark  bfi*  its  lengthy 
5  chains,  to  station  5.  Here  e^  f|  is  transferred  to 
4th  and.  5th  statiQn>  and  the  5th  stf^tion  n^akes  thf, 
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same  angle  with  the  meridian  from  the  4th  station^ 
«•  e^  or  V  <ioo^  fix^  the  meridian  from  the  first 
station. 

In  like  manner^  applying  the  parallel  ruler  to  sta- 
fioW  \y  altfd  th^  several  other  heaptigs  bf  the  circuit 
5,  6,  and  ^  ;  the  points  g,  h,  will  be  transferred  to 
^h  and  6tfa^  and  i^  k^  to  Otfa  and  7  th  ;  and  lastly^ 
the  beiaring  from  th«  7th  station  will  fell  exactly  into 
fhe  first,  whteh  closes  the  plot  of  the  circuit. 

It  is  althost  unnecessary  to  observe,  that  the  dotted 
Knes  marked  a>  b^  c^  he.  Jig.  6^  are  drawn  there  only 
for  fflcistrating  the  operation :  all  that  is  necessary  to 
toark  in  practice  are  th6  figures  T,  2,  3,  &c.  found 
IRe  fnwrt  trteed  by  the  pbinter  of  the  protractor. 


•F  DETERMINING 

THE  AREA  OR  CONTENT 
OF  LAND. 


1 .  Trb  area  or  content  of  land  is  denominated  by 
acres^  roodsf,  and  perches- 
Forty  square  perches  make  a  rood. 

Four  roods^  or  lOo  square  peitrhes^  make  an 
English  acre. 

And  hence  10  square  chuni,  of  four  perches  each^ 
make  an  English  acre. 

2.  The  mosf  sinaple  surface  for  admensuration  is 
the  rectangular  parallelogram,  which  is  a  plane  four- 
tided  figure,  having  its  opposite  sides  equal  and  pa- 
rallel, and  the  adjacent  sides  rectangular  to  one  an- 
other ;  if  the  length  and-  breadth  be  equal,  it'  is  cal- 
led a  square;  but,  if  it'  be  longer  one  way  than  the 
otlier.  It  isNiOttttionlyadled  an  obkng. 
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to  determine  the  area  of  a  rectangular  pa* 

rallelogram: 

Rule.  Multiply  the  length  by  the  breadth^  and 
that  product  will  be  the  area.* 

It  has  been  already  observed,  that  the  best  method 
of  taking  the  lengths  is  in  chains  and  lifiks;  hence^ 
the  above-mentioned  product  will  give  the  area  in 
chains  and  decimal  parts  of  a  chain*  And  fis  10 
square  chain?  make  an  acre,  the  area  in  acres  will  be 
shewn  by  pointing  off  one  place  of  the  decimals  more 
in  the  product  than  there  are  both  in  the  multiplicand 
and  multiplier;  which  janswers  the  same  purpose  as 
dividing  the  area  into  chains  by  10 ;  and  the  roods 
and  perches  will  be  determined  by  multiplying  the 
decimal  parts  by  4  and  by  40. 

Example.  Suppose  the  side  of  the  foregoing  square 
be  6  chams  and  TS  links  ;  what  is' the  area  ? 

Multiply  6.75 
by  6.75 

« 

3375 
4725- 
4050 


Acres  4i.5m2B 

4  Roods  in  tn  Acre. 


Roods  2.22500 

40  Perches  in  a  Roo4« 


Perches  9.00000 


Acres.    Roods.    Perches. 
Ads.        4  2  9. 


Suppose  the  length  of  the  foregoing  oblong  be  9 
chains  and  45  links,  and  the  breadth  5  chains  and  15 
links;  bow  many  acres  doth  it  contain?  ' 

•  j^did.  Book  i.  Prop.  SS 
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Multiply  9-45 
by  5-15 

4725 
945 

4725 


Acres  4*86675 
4 


Roods  3-46700 
40 


Perches  18.68000 


A.    R.   P. 

Ans*    4      3    18.    [The  decimal  parts  68  are  not  worth  re* 

gariing.]' 

If  the  parallelogram  be  not  rectangular/  but  ob- 
lique angled,  the  length  must  be  multiplied  by  the 
perpendicular  breadth,  in  order  to  give  the  area.* 

3.  After  the  parallelogram,  the  next  most  simple 
surface  for  admensuration  is  the  triangle. 

TO   DETERMINE  THE  AREA   OF  A  TRIANGLE. 

Rule.  Multiply  the  base,  or  length,  by  half  the 
perpendicular,  let  fall  thereon  from  the  opposite 
langie,  and  that  product  will  be  the  area  of  the 
triangle.-f- 

J^xamples.  In  the  triangle  C 

ABC,  right  angled  at  B,  Jet 
the  base  A  B  be  8  chains  and 
25  links,  and  the  perpendicu- 
lar B  C  6  chains  and  40  links ; 
how  many  acres  doth  it  con- 
tain? A 

•  f  See  Euclid.  Book  i.  Prop.  95  and  36. 

f  Euclid.  Book  i.  Prop.  41.  Scholium.  Every  triangle  is 
equal  to  the  one  half  of  a  parallelogram,  haying  (he  samt  bast 
and  altitude. 


MO 
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Multiply  8.S5 
by  (the  half  of  6M,  vu. )  3.20 


16500 
2*75 

Acres  2.6i000 

4 


Roods  2.5G00O 
40 


Perches  82.40000 


A.   R.  P. 
Ads.   2     2    22. 


In  the  oblique  angled 
triangle  BE  F,  let  the 
base  D  £  be  12  chains 
and  25  Hnkt^  and  tfie 
perpendieular  FGy  let 
&U  on  the  baae  D£ 
from  «the  opposite  angle  D 
F^  be  7  chains  smd  30  finks  ;  how  many  aerds  doth 
it  contain  ?' 

Multiply  12:25 
hy  (the  half  of  7.30,  VIZ.)   8.65 

6125 
7850 
3675 


Acres  4.47125 

4. 


Roods  1.88500 
40 


Perchefr  85*40000 


A.   R,    P- 
4      1    SS. 
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It  would  be  tlie  same  thing,  if  the  perpexMficuIar 
Were  to  be  multiplied  by  half  the  base;  or,  if  the  base 
and  perpendicular  were  to  be  multiplied  together, 
and  half  the  product  taken  for  the  acea. 

4.  The  next  most  simple  surface  for  admeuauratioa 
is  a  four-sided  figuie,  broader  at  one  end  than  at  the 
other,  but  faaviog  its  ends  parallel  to  one  another,  and 
rectangular  to  the  base.  Its  area  is  "determined  by 
the  following 

Rule»  Adi  tiie  breadths  at  each  end  tc^ether,  and 
multiply  the  base  b^  h&lf  their  sum,  and  that  product 
will  he  the  afca.  Or  otherwise,  multiply  the  base 
by  the  whole  sum  ei  the  breadths  at  each  end,  and 
that  product  will*  be  double  the  area,  the  half  of 
which  will  be  the  area  required. 

'  Example.  Let  the  base  be  10  chains  and  gO  Knks, 
the  breadth  at  the  one  end  4  chains  and  75  links, 
and  the  breadth  at  the  odier  end  7  chains  and  35 
links ;  what  is  the  area  ? 

<> 

4.751 

7.fl5J 

)12.10  sum 

6.05  half  sum 
10.90 


54450 
6050- 

AcMt  6*59450 

4 


40 


Perches  15.19000 


A.  R.  F. 

iffif.  6    2   15. 
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5.  Irregular  four-sided  figures  are  called  trapezia. 
The  area  of  a  trapezium  may  be  determined  by  the 
following 

Rule.  Take  the  diagonal  length  from  one  ex- 
treme corner  to  the  other  as  a  base,  and  multiply  it 
by  half  the  sum  of  the  perpendiculars,  falling  thereon 
from  the  other  two  comers,  and  that  product  will  be 
the  area* 

Example  •  In  the  trape- 
zium A  B  C  D,  let  the  di- 
agonal AC  be  11  chains 
and  90  links ;  the  perpen- 
dicular P  F  4  chains.  andA< 
40  links,  and  the  perpendicular  D  E  3  chains  and 
90  links;  lyhat  is  the  ^rea? 


BF  4.40 
DE  S-90 


2)8.30  sum 

4.15  half  sura 
AC  11.90' 


5735Q 
41/9 
41^' 

Acres  4.98850 
4 


Koods  S.754O0 
40 


Perches  30.16000 


A.  K.    P. 
Ans.  4    3    SO. 


If  the  diagonal  A  C  were  multiplied  by  the  whole 
•urn  of  the  perpendiculars^  that  product  would  be 
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double  the  area ;  the  half  of  which  would  be  the 
area  required. 

6.  The  area  of  all  the  other  figures^  whether  re- 
gular* or  irregular,  of  how  many  sides  soever  the 
figure  may  consist^  may  be  determined  eit^ier  by 
dividi\ig  tne  given  figure  into  triangles,  or  trapezia, 
and  measuring  those  triangles,  or  trapezia,  separately, 
the  sum  total  of  which  will  be  the  area  required; 
or  otherrvise,  the  area  of  any  figure  may  be  deter- 
mined by  a  computation  made  from  the  courses  and 
distances  of  the  boundary  lines,  according  to  an 
universal  theorem,  which  will  be  mentioned  presently. 

7«  The  method  of  determining  the  area  by  divid- 
ing the  given  figure  into  trapezia  and  triangles,  ^nd 
measuring  those  trapezia  and  triangles  separately,  as 
in  article  5  and  article  3  of  this  part,  is  generally 
practised  by  those  land  measurers,  who  are.employed 
to  ascertain  the  number  of  acres  in  any  piece  of  land, 
when  a  regular  land  surveyor  is  not  at  hand ;  and 
for  this  purpose,  they  measure  with  the  chain  the 


**  The  regularjigures^  polygons  and  circles,  do  not  occur  ia 
practical  surveying.  On  this  hcad»  therefore,  I  shall  only  oGserve, 
that  the  method  of  determining  die  area  of  a  regular  polygon, 
which  is  a  figure  containing  any  number  of  equal  sides  and  equal 
angles,  is,  to  multiply  the  length  of  one  of  the  sides  by  the  num- 
ber of  sides  which  the  polygon  contains,  and  then  to  multiply  the 
product  by  half  the  perpendicular,  let  fall  from  the  centre  to  any 
one  of  the  sides,  ana  this  last  product  will  be  the  area. 

The  length  of  the  perpendicular,  if  not  given,  may  be  deter- 
mined by  trigonometry,  thus: 

Divide  360  degrees  by  double  the  number  of  sides  contained 
in  the  polygon,  and  that  quotient  will  be  half  the  angle  at  the 
centre;  then  say,  as  the  tangent^  or  half  the  angle  at  the  centre, 
is  to  half  the  length  of  one  of  the  sides;  so  is  radiusy  to  the  per- 
pendicular sought. 

The  area  of  a  circls  is  thus  determined;  if  the  diameter  be 
given,  say,  as  1  :  is  to  S.141592  ::  so  is  the  diameter  :  to  the  cir- 
cumference; or,  if  the  circumference  be  given,  say,  as  S.141592 
is  to  1  ::  so  is  the  circumference :  to  the  diameter.  Then  multiply 
the  circumference  by  j-  of  the  diameter^  and  the  product  wiU  bs 
fbearea. 


iM 
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iMises  mdperpen^iealars  of  the  several  trapezia 
triangles  in  the  field. 

Thns,  for  example^ 
suppose  the  annexed 
figure  be  a  field  to  be 
measured  according  to 
this  method,  the  land 
measurer  would  mea* 
sure  with  the  chain  the 
base  B  G,  and  the  per* 

rnidtculars  HC,  and 
A,  of  the  trapezium 
ABCO;  thebaseGD,® 
and  the  perpendiculars 
KF,  and  LC,  of  the 
trapezium  G  C  D  F ; 
and  the  base  D  F,  and  -A- 

perpendicular  M  E,  of  the  triangle  D  E  F. 

In  order  to  determine  where  on  the  base  lines  tlM 
perpendiculars  shall  fall,  the  land  measurer  eom^ 
monly  makes  use  of  2l  square  j  consisting  of  a  piece  of 
wood  about  three  inches  square,  with  apertures 
therein,  made  with  a  fine  saw,  from  comer  to 
corner,  crossing  each  other  at  right  angles  in  thte 
centre;  which  when  in  use,  is  fixed  on  a  staff^  or 
the  cross;  ^ee^gs.  2,  3,  and  6,  plate  14. 

The  bases  and  perpendiculars  being  thus  measured^ 
the  area  of  each  trapezium  is  determined  as  in  articTit 
5,  and  the  area  of  the  triangle  as  in  article  3  of  this 
part :  which,  being  added  together,  gives  the  area 
of  the  whole  figure  required. 

This  method  of  determining  the  area,  vrhere  th^ 
whole  of  each  trapezium  and  triangle  can  be  seen  at 
one  view,  is  equal  in  point  of  accuracy  to  any  method 
whatever.  It  may  likewise  be  observed,  that  a  plot 
or  map  may  be  very  accurately  laid  down  from  the 
.  baises  and  perpendieuiacs  thus  measured  ;  this  raer 
thod,  however,  is  practicable  only  in  open  or  ckifed^ 
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ccMlftn^  s  itt  OMintries  covered  with  wood/  ft  would 
be  altogether  impracticable,  because  it  would  be- 
impossible  to  see  from  one  part  of  the  tract  to 
another,  so  as  to  divide  '  it  iilto  the  necessary  tra- 
pezia and  triangles.  But  in  open  (countries,  the 
only  objection  to  this  method,  is  the  great  labour 
and  tediousness  of  the  field  work ;  in  a  large  survey^ 
the  number  of  the  trapezia  and  triangles  would  be* 
so  very  great,  that  the  measiiriog  of  all  the  several 
bases  and  perpendiculars  would  be  a  very  tediou* 
business.  The  same  ends  are  as  effectually  answered^, 
with  infinitely  less  labour^  by  taking  the  courses  and 
distances  of  the  boundary  lines,  in  the  manner 
mentioned  p.  294. 

8.  Many  surveyors  who  take  their  field  notes  in 
courses  and  distances,  make  a  plot  or  map  thereof, 
and  then  determine  the  area  from  the  plot  or  map 
so.  made,  by  dividing  such  flot  or  map  into  trapezia 
and  triangles,  as  in  the  above  figure,  and  measuring 
the  several  bases  and  perpendiculars^  by  the  scale  of 
equal  parts,xfrom  which  the  plot  or  map  was  laid 
down. 

By  this  method,  the  area  will  be  determined  some* 
thing  nearer  the  truth,  but  it  falls  short  of  that  ac** 
curacy  which  might  be  wished,  because  there  is  no 
determining  the  lengths  of  the  bases  and  perpendi* 
culars  by  the  scale,  within  many  links ;  and  the 
smaller  the  scale  shall  be  by  which  the  plot  is  laid 
down,  the  greater,  of  course,  must  be  the  inaccu- 
racy of  this  method  of  determining  the  area. 

This  method,  however^  notwithstanding  its  inac^ 
curacy,  will  always  be  made  use  of  where  tables  of 
the  northing,  southing,  easting,  and  westing,  are  not 
at  hand. 

^  9*  Proper  tables  of  the  northing,  southing,  east- 
ing, and  westing,  fitted  purposely  for  the  surveyor's 
use,  such  as  arc  contained  in  the  Appendiv  to  this 
TVoc^,  ought  to  be  in  the  hands  of  every  surveyor!  By 
these  tables  the  area^of  any  purvey  is  determined  with 
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great  ^cchtbcv  abd  etpedition^  by  an  easy  compu^, 

tation  from  the  following 

UNIVERSAL  THEOREM. 

If  the  sum  of  the  distances,  on  an  east  and  west 
line  J  of  the  two  ends  of  each  line  of  the  sUrvey,from 
any  assumed  meridian  laying  entirely  out  of  the  sur- 
vey ^  be  multiplied  by  the  respective  northing  or 
SOUTHING  made  on  each  respective  line;  the  dif- 
ference betxveen  the  swn  of  the  north  products, 
and  the  sum  of  the  south  products,  will  be  double 
the  area  of  the  survey.^ 


*  Demonstration,  Let  ABC 
D  £  F  be  any  survey,  and  let 
the  east  and  west  lines  Aa,  Bb, 
C  c,  D  d,  E  e,  and  F  f,  be 
drawn  i  roni  the  ends  of  each  of  ^ 
the  lines  of  the  survey  to  any 
assumed  meridian,  as  N.  S.  lay-  ^ 
inc  entire]  V  out  of  the  survey.  ^ 


survey. 


Then,  I  say,  tlic  difference  between  the  sum  of  the  products 

Aa  +  Bbxab,  Bb-HCcxbc,  Cc  +  Ddxcd;  andthesumof 

the  products  iDj+TSe  X  d  e,  E  e  -f  F  f  x  e  f,  Ff+ Aa  x  fa;  will 
be  double  the  area  of  A  BC  D  E  F  A. 

For,  by  article  4,  page  331,  the  former  products  will  be,  re- 
spectively, double  the  areas  of  the  spaces  A  B  b  a,  B  C  c  b,  and 
C  D  d  c,  and  their  sura  will.of  course  be  double  the  area  of  the 
space  A  a  d  D  C  B  A.  In  like  manner,  the  latter  products  will 
be,  respectively,  double  the  areas  of  the  spaces  D  E  e  d,  E  F  f  e, 
and  F  A  a  f ;  and  their  sum  will  of  course  be  double  the  area  of 
thc.space  A  a  d  D  E  F  A.  But  it  is  evident,  that  the  difference 
between  the  areas  of  the  spaces  A  a  d  D  E  F  A,  and  A  a  d 
D  C  B  A,  jnust  be  the  area  of  the  space  A  B  C  D  E  F  A  j  con- 
sequently, the  difference  between  their  doubles  must  be  double 
the  area  of  AB  C  D  £  F  A. 


AX  UmVBRSAir  ?HSORKIf . 
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t^r  tJmv^le.  Let  it  be  required  |o  detetmuie  the 
Area  of  t))e  survey  oientioaea  in  p.  204^  from  the 
field  notes  there  given. 

The  northings^  soothitigs^  eastings  and  westings^ 
as  also  the  n(yrth  and  south  distances,  and  the  east 
andwest  distances  made  from  ^he  place  of  beginning 
to  the  end  of  each  line;  and  likewise  the  distances 
of  the  ends  of  each  line  from  the  assumed  meridian^ 
have  been  already  placed  in  their  Respective  columns^ 
and  explained  in  nie  preparatory  to  the  explajnation 
of  the  method  of  plotting  there  recommended ;  but 
it  will  not  be  imprc^r  to  give  them  a  place  here 
again^  together  with  the  further  columns  for  deter* 
mining  ^e  area ;  in  order  that  the  whole,  together 
with  the  respective  uses  of  the  several  parts^  may 
appear  under  one  view>  as  follows. 

Agaiiiythedifcre>ice{ietweenthe 

sum  of  the  products  M  m-|-N'a  x 

mn,  Nn+Ooxno,  Qq-f  R  rx 
qr;  and  tJbe  sum  of  the  products  f} 

Oo  +  Ppxop^  Pp  +  Qqxpq, 
Rr+Mrnxm;  will  be  double 
theareaofMNOPQEM. 

S 

for  9  reasoDJUg  as  before^  thesumof  the  first  mentioned  productf 

Wfll  be  double  the  area  of  Q  q  o  O  N  M  RQ  +  M  R  r  m  M;  and 
the  sum  of  the  last  mentioned  products  will  be  double  the  area  of 

Qqo  OPQ  +  MRrm  M.  But  it  is  evident,  that  Qqo 
OPQ-QqoONMR Q=: M N O  P Q R  M:     consequently^ 

QqoOPQ  +  MRrraM-QqoONMRQ-l-MRrmM 
s&fNOPQRM;  and^  consequently  the  difference  of  tlieir 
doubles  must  be  equal  to  ihuSU  M  N  O  P  Q  R  M.  And  the  like 
in  every  other  possible  figure. 
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Tbe  three  last  columiis  relating  to  the  arcUy  ar? 
the  only  ones  that  remain  to  be  explained^ 

Tbe  6rst  of  these  three  columns  contains  the 
sums  of  the  distances  of  the  two  ends  of  each  line 
of  the  survey  from  the  assumed  meridian ;  tvhich, 
according  to  the  foregoing  universal  theorem,  are 
viiiUipUers  for  determining  the  area.  Thes^  ai-e 
formed  by  adding  each  two  of  the  successivq  num- 
bers in  tlie  preceding  lefl  hand  coliidln  together, 
Tlius  3.00  is  the  distance  of  the  place  of  begmning 
from  the  assumed  meridian,  and  0.^4  is  the  dis- 
tance of  the  end  of  the  first  line  from  the  assumed 
meridian;  and  their  sum  is  3.44  for  the  first  mul- 
tiplier. Again  0.44  added  to  15.3d  makes  15.83 
for  the  second  multiplier;  and  15^39  added  to  28.1 6 
makes  45.15  for  the  tlii.rd  multiplier  (  and  so  of  tho 
rest. 

The  north  products  contained  in  th^  next  co- 
lumn^ are  the  products  of  the  multiplication  of 
the  several  northings  contained  in  the  columns 
marked  N.  by  their  corresponding  multipliers  in  the 
last  mentioned  column.  Thus  TA&SQO  is  the  pro- 
duct of  the  multiplication  of  20.84  by  3.44  ;  an  ad- 
ditional place  of  decimals  being  cut  off^  to  give  the 
product  in  acres. 

The  south  products  contained  in  the  next  right 
hand  column  are,  in  like  manner,  the  products  of  the 
multiplication  of  the  several  southings  in  the  column 
marked  S,  by  their  corresponding  muItipHers.  Thus 
28.q6075  is  the  product  of  the  multiplication  of 
6.63  by  43.55 ;  an  additional  place  of  decimals  being 
cut  p^  as  before^  to  give  the  product  in  acres ;  and 
so  of  the  rest. 

The  north  products  being  then  added  together 
into  one  sum,  and  the  south  products  into  another 
sum,  and  the  lesser  of  these  sums  being  subtracted 
from  the  greater j  the  remainder y  by  the  above  uni- 
versal theorem,  is  double  the  area  of  the  survey; 
which  being  divided  by  2,  gives  the  area  required  ; 

z2 
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vi2.  51.73087,  tqmly  when  tednced^  to  51  acres,  2 
roods,  and  s6  perches  &-10.* 

Notfaitig  can  b^  tnore  simple  or  easy  iti  the  ope- 
fktioti.  Or  more  adcurate  in  answeritig  the  desired 
bhds,  both  iirith  respect  to  the  proof  of  the  work^ 
the  plotting,  and  the  computation  of  the  area,  than 
this  process.  Hie  iw>rthing%  soUthmgi,  eastings^ 
and  tvestings,  which  give  the  cbost  decisive  proof  of 
the  accuracy  or  inaccuracy  oi  the  field  woA,  arfe 
shewn  by  inspection  in  table  i  •  Ttotn  these  the 
numbers  or  distances  for  plotting  are  formed  bv  i 
simple  addition  or  subtraction.  And  the  i^ailltipHers 
fot  deterniitiinti;  th6  area,  are  formed  from  thence, 
by  a  simple  radition,  with  tntu^h  le^s  labour;  thaii 
by  the^  common  method  of  dividing  the  plot  into 
trapezia,  and  taking  thfe  mtlltiptiers  by  the  scale  of 
equal  parts. 

The  superio/r  accuracy  Htid  ease  with  which  every 
)pairt  of  the  pW)cess  is  performed,  i^nnot,  it  is  imii- 
gined,  fkil  to  rbCoiinmend  it  to  every  pitu:ftitioner9  in- 
to Whote  hands  this  tract  shkH  fidl.- 

I'O.  if  1)16  botiti'ckry  lines  of  the  survey  shaft  havfe 
crooks  and  beihds  in  them,  which  is  generally  the 
case  in  old  settled  countries,  those  crooks  atid  bends 
Are  taken  by  making  offsets  from  the  station  lines  % 
tLS  eicplainea  in  p^  2Qi.  tn  these  cas^s  the  ftrea 
comprehended  witiiin  the  station  lines  is  determined 
as  in  the  last  example ;  aiid  the  areas  comprehended 
between  the  station  lines  and  the  boimdaries  are  de- 
termined separately,  as  in  the  third  and  foHrtk  ar^ 
tides  of  this  p^rt,  from  the  &ffiets  a\id  bast  lines. 
tioted  in  the  fidd  book ;  and  are  added  or  subtractta 

*  It  must  be  observed,  that,  In  order  to  determine  the  area  by 
tliTs  method  of  computation^  it  is  indispensably  necessary  thattlie 
several  lines  of  the  survey  be  arranged'reguiarly,  onirafterlui^her^ 
«11  the  way  round  Che  sorvey,  in  case  they  should  Mt  have  bieen 
so  taken  in  the  field,  because,  without  such  arrangemebt,  the 
portbings  or  southings  made  on  each  Kne,  and  the  distances  irona 
the  a^umed  tueridiani  would  uot  correspond  with  ^tie  aiuAhfir* 


fcqpeotively,  according  as  the-  station  Ikiief  sbaiji 
happen  to  be  mthin  <n*  mthgut  the  field  swveyeil  $ 
whiob^  of  course^,  giv^s  the^  area  reqifired. 

For  ejpampkn  Let  it  be  reqgired  to  d^ermiiofe  tbf 
area  of  tbe  survey  mjentioned  in  the  lex^iuple,  page 
t^9  frofSk  tbe  field  book  there  given.* 

I1)e  bearing9?iXkA  Iwgihsi^iih^  9^tion  lines  are  thf 
'Same  as  in  the  last  example;  and^  consequently,  tbf 
area  comprehended  within  those  station  lines  must 
be  the  same;  vis.  5U73087- 

Then^  for  the  area  coiQprehended  between  ^e 
first  station  line  and  the  b<HHidary  of  the  fields  we 
have  (see  the  fidd  boQk^  page  S96)  firsts  a  base 
tine  3.0o,  and  a  perpendicular  oflset  0«40;  which^ 
according  to  article  3  of  this  part^  amtains  an  aiea 
of  0.07^Ma  Secimd^j  a  base  line  4.S6^  (being  the 
<li^rence  between  3«6o  and  8.45  on  the  station 
line^  at  which  points  the  offsets  were  taken,)  an4 
an  ofiset  or  broadth  at  the  one  end  0.40^  and  at  the 
other  end  O.l.Q;  wbicfa^  accprdii^to  article  ^  of 
this  papt^  contains  an  area  of  0.12125«  TlurMy^  a 
base  line  7.^5^  {being  the  difference  between  4.85 
.and'  ld.6o  on  the  station  line,)  and  an  ofiset  or 
^breadth  attheotiie  end  0«lQj  and  %t  ithe  ^thcrend 
0.65 ;  which  according  to  the  4th  artiele  of  this 
part,  cousins  an  area  of  0.2681 2.  Fourthly ,  abase 
line  5.40,  (being  the  difierence  between  15.60  and 
f2,\SM  on  the  station  line,)  and  a  perpendicular  off> 
«et  0.65 ;  which,  according  to  the  3d  article  of  this 
part^  contains  an  are^  of  0*1 7550.  These  added 
together  make  0.6s687  for  the  area  of  the  ofiaets  oa 
Ihe  first  station  line ;  and,  as  this  station  line  is 
^ithki  iJM  surrey^  this  aa^ea  must,  of  course,  *})eja4ded 
rtothe  above^mealioofld  sHreaoomppehend^  withi]^ 
the  station  iliaes. 

;Next^  ^  the  cna  ^eomprdi^nde^  \MWfi^n  the 
0ecfcad  station  line  and  ihe  boundary  qf  4b^  fields  vw 

^  Jifl^  of  this  fvnrcy  ^  given  w/g^  Sfphtf}^* 
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have  a  base  line  18.20,  and  a  perpendicular  or  ofivet 
0.60 ;  which,  according  to  article  3  of  this  part,  con- 
tains an  area  of  0.54600.  And,  as  this  station  Hue 
is  without  the  survey,  this  area  must  of  course  be 
subtracted  from  the  above-mentioned  area. 

The  areas  of  all  the  other  offsets  are  determined 
in  the  same  manner,  and  are  respectively  as  follows : 
viz. 


On  the^first  station  line 

On  the  second        •» 

On  the  third 

On  thejhurth 

On  the  f/ih 

On  the  sixth 

On  the  seventh 


Totals 


Areas  of  the  Offset*.        | 

To  be  added. 
A.    a6S687 

To  be  sub- 
tracted. . 

0.54600 
0.64800 

0.36250 
1.08875 

068750 
0.27510 

2.08812 

245660 

The  area  comprehended  ^vithin  the  action  lines, 

above../ A.5h73087 

Ofiets  to  be  added , . « .         2.0881? 


Sum 


OfiBets  to  be  subtracted 


55.81899 
2.15660 

w        ■  ■  ■  ■    » ■ 


JlemaiDf  the  area  of  the  survey  required A.  51-66239 

4> 


•.-.^ 


Roods 


2.64956 
40 


Perches 


25.96240 


11.  When  the  survey  consists  of  a  number  of 
fields  lying  together,  it  is  best  to  determine  the  area 
of  the  whole  first ;  and  afterwards,  the  area  of  each 
of  the  fields  8e])arately ;  the  sum  of  which,  if  tlie 
^ork  be  true,  will  of  course  agree  with  the  area  of 
the  whole ;  which  form^  a  check*  on  the  truth  of 
the  computation  Sf  «    • 


UNnrfiRSAL  THSCai£M.  343 

But  here  it  must  be  observed.:  ttiat  fibe  boun* 
daries  of  each  field  mast  be  arranged  for  the  com* 
putation,  so  as  to  prpceed  regularly  one  after 
another  all  the  ivay  round  the  field ;  because,  as  was 
observed  in  the  note  to  the  Qth  article  of  this  part, 
without  such  arrangement^  the  northing  or  southing 
Blade,  on  each  line,  and  the  distances  from  the 
assufned  meridian^  would  not  correspond  with  one 
another. 

For  example.  Suppose  it  were  required  to  ascer* 
tain  the  area  of  the  survey  mentioned  in  page  298, 
of  the  several  fields  therein  contained »  from  the 
field  book  there  given,* 

The  bearings  )ind  lengths  of  the  station  lines  on 
the  outside  boundaries  are  as  follow ;  viz. 


©    '  Cb.Lt 

l8t  S.  87        W. . . .  15.00 

2d.  N.  18  30  w.,,.  aeo 

3d.  N,  12  15  E,,..^  8.90 

4th.    N.  S7        E 17.00 

5th.    &  76  45  E 16.00 

6th.  S.     5  15  W. . . .  25.bO 

7th.  S.  74  30  W....  7.65 


The  area  comprehended  within  these  station  lines, 
computed  according  to  the  above-mentioned  univer- 

ial  theorem;  is ; A*  66.90495 

The  area  of  the  o&ete  to  be  added 056715 

(computed  as  in  the  last  example)  —  ■     ■ 

Sum., 67.47208 

Tbe  area  of  the  of&ets  to  be  subtracted ^.56715 

'-  I-.         '  '■ 
.     .  The  area  of  the  wl^olc  survey. 

Acres 6I'.90493 

4 


%  i^ 


Roods 3^1972 

40 

Perches.... 24.78880 

'  .     .    .  , 

f  See  the  plot  of  this  lurvey  in/;.  4«  jhae  1& 
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Thtn^  ibr  detemiining  the  area  of  flie  emt  field, 
we  faaye  the  foUowiiig  liaes^  viz. 

Ist.   Part  of  the  firat  station  line  in  the  Ch.L, 

field  book  6.    »7*       W.  5^ 

tf.    Th«  iftot  to  die  corner  of  tlw 

field N,  aey^      w.  uo 

Sd.    The  eighth  station  line  in  the  field 

book    NotA  ^16.01 

Ml.  Tl*  idnth  iteiioii  line  ia  tlie  ield 

book   flatt  /r- 15.77 

5th*  The  ofiet  from  the  comer  of  the 

field  to  the  sixth  station  fine  in  the 

fie)dbook 8.    84^4JrE.    0J» 

eUi.  Part  of  the  tlsth  at0km  liae  in 

thefieldbook 8,      &"  IBTW.l&M 

7th.  The  seventh  statien  line  in  |he 

fiddbook  S.    WSOrVr.  7.65 

The  area  comprehended  within  these  lines,  com? 
puted  according  to  the  foregoing  univeml  theor 
fem,  is  A22J91936 

ThtrearenooAetBt6be«ddedin  thisfid^  the 
^reas  of  the  offsets  to  be  subtracted,  computed  as  in 
^e  last  example,  are   2.22052 

Bemains  the  area  oftbe  east  field,    Acres 20.69684^ 

4 


Roods 2.79536 


40 


Perches. . . .       31.81440 


For  ascertaining  the  area  of  the  irest  fields  we  have 
the  following  lines^  yiz. 

l^L.  The  oC^tfirom  the  south-easterly' 

corner  to  the  first  station  line  in  the  Ch.L« 

field  book S.      3*        E.      I.IQ 

2d.    Part  of  the  first  station  line  in  the 

fieldWk S.    87^       W.    9.50 

3d.   The  second  etation  line  in  the 

fieldbook N,    Id^SffW,    9.60 

401.  The  third  station  line  in  the  field 

book    N.    12^15'E-    8.9Q 

5th.  Part  of  the  fourth  station  liae  in 

thefieldbook.......;. •  N-    ST*        E.    5.40 

£th,  TheoAettolliecorfter««%«....     B.    53"^  »    £,    0.49 
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^tk.  The  tfiXkth  slatiaa  luie  m  Um  fiel4  Ch.L. 

book,revened S.    eS^SCE,     7.» 

«A.  The  eighth  station  ihiAmihefieM 

book,  reversed ,«..     South  —   16^1 


The  area  coinprriieade4  within  these  lines,  com* 
touted  according  to  the  foregoing  uniyerwd  theo- 
rem, 1S««  ..■«.»  ••••••••••••••••>.  ••..••••••  ••  At  xSaloOvO 

Tteareas  of  Uie  oftets  to  be  added,  computed  as 
in  the  last  example   0.62287 

Sum MJ60SS5 

The  areasof  the  ofiets  to  be  subtracted 1.15900 

j^emainstfaeyea  of  the  west  field.  Acres 21.644S5 

4 

Roods 2.57740 

40 


iMi 


Fterches  •  • .  •     2S.^9600 


•«• 


Wot  asocrtaining  tbe  asw  of  the  north  fields  laTB 
)i9ve  the  feUowing  Hnei,  tiz. 

1st.   Theofietfnmithe80Uth.wester]y 
Cromer  to  the  fourth  station  line  in  Ch.L. 

thefieldbook N.   5S«       W.    0-40 

'  2d.  Part  of  the  Cburthatalian  line  in 

theiieldbook N.   S7^       E.    1L60 

'    Sd.  The  fifth  station  line  in  the  field 

book  ...v., S.    76<>45'E.  J6L00 

tfih.  Part  of  the  sixth  station  line  in 

thefieldbook. S.      5^15'W.    9.60 

^tb»  The  ofiset  to  the  comer N.   84''  45'  W.    0.56 

^h.  The  pinth  stotloi)  line  in  the  field 

book,  reyersed West  —13.77 

,  7th.  The  tentli  station  line  in  the  field 

book ...., N.   e^'SO'W.    1^ 

The  area  comprehended  wi^n  thtae  lines,  oom» 
ntled  accoiding  Co  <the  foUowing  nniTersal  Uieo- 
inyis A.QIM%S2 

The  aceaa  of  thetofiets  to  be^^ded,  oamputad  as 
inthefa^maaple IMO90 

flom^*  •••••«      £8J9645i2 
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The  areu  of  the  oflfaeM  to^be  subtracted 0.50080 


^ 


Remains  the  area  of  the  Bortli  field.  Acres  ....     22.56572 

4 

Roods ....        2.25488 

40 

Perches  ..      10.19520 

^  ■■■■  I ^>  ■  I 

A.  R.  P. 

The  area  of  the  Ettst  field 20  2  SI 

Westfield t. 21  2  2S 

Northfield 22  2  10 

Total. ..A.^    3    34 


The  agreement  of  this  total  with  the  area  of  the 
t^hele,  as  first  ascertained,  shews  the  work  to  be 
right.  We  must  not,  however,  in  actual  practice 
expect  to  find  so  perfect  an  agreement  as  the  above. 
A'difierence  of  a  few  perches,  in  actual  practice,  is  no 
impeachment  either  of  the  field  work,  or  of  the  com* 
putations.*-f* 

•  OF  THE   KEW  MAF*METEIt  OR  FLAN-MEAStHlER. 

This  is  a  sn^U  but  very  useful  instrument  to  surveyors,  engi* 
ncers,  officers,  ^c.  for  enabling  them  in  a  very  easy  and  expedi- 
rious  manner,  to  measure  the  periphery  of  circles,  the  lengths  of 
curves,  and  all  other  irregular  lines  upon  maps  or  plans,  in  order 
to  ascertain  correctly  distances,  lengths  of  roads,  boundaries,  &c. 
&C.9  which  cannot  readily  be  done  by  compasses  or  scales. 

Plate  20,  fig.  2,  is  a  representation  of  the  machine  of  its  real 
size,  wliich  is  in  thickness  not  half  that  of  a  coipmon  watch :  it  con- 
sists of  a  dial  plate  resembling  that  of  a  watch,  with  twq  similar 
moving  hands  or  indices :  by  the  proportion  of  the  wheels  within 
its  case,  the  short  index  in  one  revolution*  points  out  16  miles 
upon  a  scale  of  a  map  of  one  inch  to  a  mile,  and  the  long  index 
Booves  round  once  to  a  milei. 

The  following  are  the  circles  graduated  on  the  plate:  The  outer 
circle  is  a  centesimal  scale,  wliich  adapts  the  instrument  to  anv 
scale  of  a  map  or  plan  different  firom  one  inch  to  a  mile,  by  deci- 
mating any  line  measured  by.  the  instrument ;  the  next^ner  cir« 
de  IB  divided  into  12  equal  parts,  which  is  useful  in  giving  the 
ilistaoces  mto  ISths  orduodecimally :  the  next  circle  is  a  s<»lo 
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of  80  chains;  the  next«  the  same  scale  divided  into  eight  fur* 
longs,  both  being  the  distance  of  one  mile,  upon  a  map  drawn  oa 
a  Gcale  of  one  inch  to  a  mile. 

a  represents  the  small  side  wheel  which  gives  motion  to  the 
wheel  work  and  indices  when  it  is  moved  over  the  line  to  be  mea- 
sured ;  it  is  80  proportioned  to  the  teeth  of  the  inner  wheels,  that 
an  inch  of  its  circumference  is  pointed  out  as  a  mile  by  one  revo* 
lution  of  the  long  index,  or  the  l-16th  part  by  the  short  index : 
^  is  an  ivory  handle  the  instrument  is  held  by,  when  you  run  the 
wheel  a  upon  the  ]ine  of  the  map  :  tliere  is  an  index  pointer  on 
the  wheel  a  to  set  off  by  with  precision :  befor^  use,  the  wheel  a 
must  be  turned  round  till  the  two  indices  coincide  at  the  100  or 
1 6 ;  then,  placing  the  wheel  on  the  map  with  the  brass  index  exact- 
ly over  the  point  to  be  measured  irom,  run  the  wheel  along  the 
map ;  if  you  have  occasion  to  turn  an  acute  angle,  lift  up  the 
wheel  and  set  it  down  again  ip  the  new  direction  with  the  pointer 
precisely  oVer  the  r>oint. 

By  the  decimtd  divisions,  a  scale  on  a  map  of  5  miles  to  an  inch 
will  be  shewn  by  the  lon^  index  pointing  to  20  for  one  mile,  40 
for  2  miles,  &€•  which  wiD  shew  to  the  reader  the  application  for 
any  other  scale  of  a  map. 

In  the  complete  instruments,  the  wheel  a  is  contrived  to  shift 
upon  the  axis  of  another  contiguous  whee)  which  is  so  propor- 
tioned as  to  point  out  distances  upon  a  man,  upon  a  scale  of  4  an 
inch  to  a  mile,  in  which  case  the  figures  of  the  divisions  must  bt 
doubled, 

A  back  steel  finger  spring  is  also  sometimes  applied  to  keep 
the  wheel  a  immoveable  afler  use*    Edit. 


f  TO   PLOT  ELEVATED   OK  HILLY  PISCES   OP  GROUND. 

In  many  instances,  elevated  ground  may  be  of  that  value 
that  a  surveyor  will  be  required  to  measure  its  whole  surface  to 
obtain  its  area  or  content,  but  the  planning  or  plotting  oi  it  afief^ 
wafds  will  require  a  reduction  of  the  hypothenuse  to  the  base, 
which  may  in  many  (rases  be  sufficiently  effected  at  the  time  of 
the  survey  by  King^s  Quadrant  already  described  at  page  197. 
In  great  eminences  and  lar^e  surveys  it  is  a  more  accurate  method 
to  tak^  the  angles  of  elevation  or  depressions  with  the  theodolite, 
and  with  this  angle>  referred  to  the  table  for  shortening  the  by* 
pothebuse  at  the  end  of  Uiis  work,  to  obtain  the  requisite  reduc- 
tion of  links,  and  to  illustrate  which,  the  following  examples 
Jiave  been  extracted  from  Mr.  Crocker's  Elements  of  Land  SiIp* 
wey^gi  12mo.  1906« 
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It  was  not  m}[  intention  %t  first  to  say  any  thing 
caocerni»%  tnaritime  surveying)  as  that  subject  had 

Case  1.    Where  only  part  •£  <me  side  of  a  hill  is  required^ 
•8  represented  by  the  section  A  B€  D  E^Jig*  1. 


Sxample.  Given  the  line 
of  surfaee,  or  the  side  A  C, 
erDE=60a  The  ^  A  or 
accUvity  of  the  hill = 29^  SO". 
Beqaired  the  base  4>r  plottin|r 
line  AB.  By  the  t^bl^  it  ap^ 
pears,  that  when  the  ^  of 
acclivity  is  29^  50",  each 
chain's  length  mosti  for  plotting,  be  reduced  IS  Ibis.  Tben^ 
6  chains  x  13  links  =  78  links,  to  be  deducted  out  of  QOO^ 
will  leave  522  for  the  plotttng  l^ne  A  B ;  which,  on  the  mear 
suited  surface,  will  extend  no  further  than  4ii. 

In  comparing  the  computed  areas  of  the  elevated  snr&Qe  9^ 
base,  the  latter  will  in  ^uare  measures  be  less  than  the  fonner  by 
!2  roods  5  perches,  a  dtfierence  more  than  a  6th  part  of  the  whole 
surface. 

Case  2.  When  the  land  ascends  a  lull  on  one  side,  occupies 
the  plain  on  the  top,  and  descends  on  the  other  side ;  in  thm" 
tnanpiir  jrepresfmted  by  the  #ectioA  A  B  C  D  £  f. 

EoDamjfle.  Suppose,  in  the 
oeotioa  A  B€  D  £  F^  j^.  2, 
^the  Z  A  be  15^,  t]M(  angle 
iD  SQC,  the  line  A  £  £s790, 
the  plain  £  F  as  620,  i^nd 
ahe^tope  FD!=:520;  what 

is  tlie  length  of  the  whole  pfottbg  line  AD?  By  the  table  tho 
lengA  of  the  line  A  £  must  be  shocteDod  4  links  in  eveiy  chain ; 
4b  tbe  whole  dl  links,  whioh' token  ftom  790  loaves  ftir  the  line 
AB7B9  links,  BC  the  phiin  romains  as  £F««6te;  ond  by 
-tiie  table,  F  D  iato  tbe  shortened.  6  links  in  every  chain,  in  <|be 
whole  SI  links;  leaving  for  C  D  489,  total  1868. 
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beUn  very  well  digested  by  Mr«  Murdoch  Mackenzin, 
whose  treatise  on  Mtaritime  Survofing  ooght  to  be 


Case  3.  When  the  profile  of  a  hill  as  A  B^fg.  S,  is  sheiro,  thc$ 
angles  ,of  accKvitkst  aod  lengths  of  aspend^  lines  ace  given 
to  find  bow  the  plotting4ines  ate  to  ^  shortened  that  the  plan 
hereof  may  not  extend  beyond  its  prop^  limits. 

iSxampk,  Snppost  th6  litie 
uh  h  1900  lii^ks,  and  that ks 
angle  ot  acdiVBty  =«  1^2**  30'. 
The  line  cd  is  1900  tjnks,  and 
it»  angle  ±s  IT"  a.  The  line  ef 
is  18(X)  linksy  and  its  angle  = 
7*  0^.  Required  the  length  of 
those  lines  to  piot  1^. 

By  the  table*  the  line  ab  (being  l^  SQt  acclivity)  must  be 
shortened  abt)iit  2|  links  per  chain,-  in  die  whole  47  Imks.  The 
line  edits  angle  being  8^  0',  must  be  shortened  1  link  per  chain, 
or  19  links  on  the  whole ;  leaving  the  plotting  line  1881  links. 
And  the  line  e/  (its  angle  of  ^dtvity  beii^  7°  O"),  must  be 
chortened  about  1  link  to  a  chain*  or  18  nnks  in  the  whole*  leav- 
ing the  plottingwline  1782  linklL 

Case  4k  When  a  lull  is  circidtf  *  or  afiproaching  to  that  form* 
lOr  the  abrupt  termination  of  a  Ions  hill*  Jas^^.  4*  or  a  rounded 
form  presents  itseff,  to  shew  how  me  sadie  may  be  plotted  within 
its  prefer  limits. 

'    *%-4. 


Example.  Standing  on 
the  summit  of  a  small  nill* 
a  land  measurer  took  his 
observations  as  follow : 


The  line  ah, 
ac 
ad 
ae 
ml 


Links.  Angle  of  decliv.  Its  bearing. 


240 

263 
285 
335 


9*^45' 

12  0 

13  0 
12  90 
10     0 


34(y»aN.W. 
822  0  N.  W. 
804  0  N.  W. 
28S  0  W. 
252  0  W. 


Here  a  i  240  links  (being  9^  45'  declhrity }  must  by  the  tablf 
\  shortened,  for  ploCtiDg)  abont  ^  Ihiks ,  ac^2^  (bemg  1^  0^) 
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in  every  person's  faaoHs  who  ia  engaged  in  thii 
branch  of  BOrveyiDg,  a  braodi  which  has  been  hi- 
therto too  mQch   neglected.     A  few  general  prio- 

Rinst  be  shortened  about  5  Itnln;  ail2$S  (being  13"  C)  must  be 
•hortened  6  Ibki ;  a  e  285  (boing  12*>  C)  muit  be  ihortened  7 
liakii  and  a  I  335  (being  10°  C)  muM  be  shorteoed  idMut  6 
liuks.  The  arefl  of  the  sur^ce  may  be  found  from  (he  fbr^oid^' 
dimensionc,  a>  may  alao  the  aupcrlidal  plan  in  its  true  bearing 
from  the  meridian.  Globular  surfacct  must  be  projected  b)'  their 
chords  found  br  trigonometry,  by  the  rule  that  the  square  of  thj: 
sine  added  to  the  square  of  vereed  sine  is  equal  to  th«  ebgrd,  a&d 
the  root  extracted  gives  the  chord :  the  versed  siue  is  tbe  differ- 
ence  between  tiie  natural  radius  (1)  and  tbe  nat.  cocioe  of  tbe 


Cate  5.  A  bird's 
eye  view  of  a  hill,^^. 
5,  shews  how  the 
fields  thereof  may  be 
rep  resented  on  a  map ; 
and  the  rules  before 

Siven  sbewbowmuch 
le  roeasiu'ed  ascend- 
ing or  descending 
lines  must  be  short- 
ened for  plotting. 
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oiples  only  cfin^be  laid  dawn  in  this  work ;  these, 
however,  it  is  presumed,  will  be  found  sufficient  for 
most  purposes }  when  the  prs)ctice  is  seen  to  be  easy, 
and  the  knowledge  thereof  readily  attained,  it  is  to 
be  hoped,  that  it  will  constitute  a  part  of  every  sea- 
man's education,  and  th«.  more  so,  as  it  is  a  subject 
in  which  the  safety  of  shipping  and'  sailors  is  very 
much  concerned. 

1»  Make  a  rough  skqtd),^  the  coast  or  harbour, 
and  mark  every  point  of  land,  or  particular  varia- 
tipn  of  the  coast,  with  some  letter  of  the  alphabet ; 
either  walk  or  sail  round  the  coast,  and  fix  a  staff 
with  a  white  rag  at  the  tc^  at  e^siph  of  the  pUpe^ 
marked  with  the  l^^rs  of  tHe  alphabet*  If  there  be 
a  tree,  hous^,  white  cli/F,  or  other  remarkable  object 
at  any  of  thc^s^  pla^psj  :it  may  serve  instead  of  a  sta* 
tion  staff;*  .      •'    b 

2.  Choose  son^e  jevel  spot  of  ground  upon  which 
a  right  line>  called  afyndamentai  base,  may  be  mea- 
sured  either  by  a  chain,  a  measuring  pole,  or  a  piece 
of  log-line  marked  into  feet ;  generally  speaking, 
the  longer  this  line-is,  the  better ;  its  situation  must 
be  such,  that  the  whole,  or  mpst  part  of  the  sta*^ 
tion- staves  may  be  seen  from  both  ends  thereof; 
and  ip  length  and  direction  must,  if  possible,  be 
such,  that  the  bearing  of  any  ,station-staff,  taken 
from  one  of  its  ends,  may  differ  at  least  ten  degrees 
from  the  bearing  of  the  same  staff  taken  from  the 

Example.    Suppose  In  Jig,  5,  the  measured  Vme 

ab=    650  links,  and  iU  angle  of  declivity  IS""  W 
erf  =1650  20     0 

#/=1700  18     0 

^A=tl200  18   30 

1*55    700  12   10 

What  must  be  the  leneth  of  each  plotting  line  ? 

By  the  table,  ab  must  be  shorteiiea  5  links  on  each  chain ;  c  d 
6  links  on  each  chain ;  f/5 links \  gh  5 links \ik2\  links.  The 
lengths  of  the  plotting-hnea  wil)  therefore  be :  ai  618;  cd  1551 ; 
efl^\S\ghn^%  and  1*683. 

*  See  Nicholson's  Navigator^  Assistant 
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^^^>^^  ot>d ;  stetK^n^tarM  muit  be  det  ftt  i^h  endef 

'f  A  convenient  rif^^t  line  cannot  be  faad^  t(¥0  lines 
tnd  die  interjacent  angles  ma^  be  mlsasiired^  and  the 
distance  of  their  extremes  mund  bj  constroctioii, 
iDaf  bfe  talcen  as  the  fandatnental  base. 

If  iSbe  sand  measured. has  a  sensible  and  gradual 

declivity,  as.  from  higli-water  mark  to  low-water, 

tbco  the  length  measnred  may  be  reduced  to  the 

lKi»ri2ontaI  distance,  whieh  is  the  proper  distance^ 

l)^  making  the  perpendicular  rise  or  the  tide  one  side 

^  s  right-angled  triangle ;  the  distance  measured 

giofig  the  sand,  the  hypothMtfse;  iknd  from  thence 

Ending  the  other  side  trigonometrically,  or  by  pro^ 

traction^  on  paper ;  which  will  be  the  true  length  of 

the  base  line.     If  the  plane  mearared  be  on  the  dry 

land,  and  there  is  a  sensible   declivity  thei^,  the 

height  of  the  descent  must  be  taken  by  a  spirit-lelvfel, 

or  by  '^'  quadrant,  and  that  made  the  perpetHiicnlar 

side  of  *the  triangle. 

If  in  a  bay  one  straight  line  of  a  snfficient  Icfigtii 
cantiot  be  measored,  let  two  or  three  lines,  fermmg 
anglesi  with  each  other,  like  the  sides  of  a  polygon, 
be  measured  on  the  sand  along  the  circuit  of  the  bay; 
these  angles  earefiilly  takefn  with  the  ^eodolite,  and 
exactly  protracted  and  calculated,  will  give  the 
straiglit  distance  between  the  two  farthest  extremi- 
ties of  the  first  and  last  line. 

3.  Find  the  bearing  of  the  fundamental  base  by 
the  compass,  as  accurately  as  possible,  with  Had- 
ley*s  <)uadrant,  or  any  other  instrument  equally  ex- 
act ;  take  the  angles  formed  at  one  end  of  the  base, 
between  the  base  litie  and  lines  drawn  to  each  of  the 
station-staves ;  take  likewise  the  angles  fornded  be- 
tween the  base  line  and  tines  drawn  to  every  re- 
markable object  near  the  shore,  as  houses,  trees, 
windmills,  churches,  &c.  which  ^may  be  supposed 
useful  as  pilot  marks  ;  from  the  other  end  4^  the 
base,  take  the  angles  formed  between  the  base  and 


lines  drawn  to  every  one  of  the  station  staves  and  ob* 
jects ;  if  any  angle  be  greater  than  the  arc  of  the  qua«> 
drant,  measure  it  at  twice,  by  taking  the  angular 
distance  of  some  intermediate  object  from  each  ex- 
treme object ;  enter  all  these  angles  in  a  book  M 
they  are  taken. 

4.  Draw  the  fundamental  base  upon  paper  fVom  a 
scale  of  equal  parts,  and  from  its  ends  respe<itively 
draw  unlimited  lines,  forming  with  it  the  angles 
taken  in  the  survey,  and  mark  the  extreme  of  each 
line  with  the  letter  of  the  station  to  which  its  angle 
corresponds.  The  intersection  of  every  two  lines, 
whose  extremes  are  marked  with  the  same  letter,  will 
denote  the  situation  of  the  station  or  object  to  which, 
in  the  rough  draught,  that  letter  belongs  ;  through, 
or  near  all  the  points  of  intersection  which  represent 
itation-staves  draw  a  waving  line  with  a  pencil  to  re^ 
present  the  coast. 

5.  At  low  water  sail  about  the  harbour,  and  take 
the  soundings,  observing  whether  the  ground  be 
rocky,  sandy,  shelly,  &c.  These  soundings  majr 
be  entered  by  small  numeral  figures  in  the  chart,  by 
taking  at  the  same  time  the  bearings  of  two  remark'^ 
able  objects  i  in  this  excursion,  be  particular  in  ex^ 
amining  the  ground  off  points  of  land  which  project 
oot  into  the  sea,  or  where  the  water  is  remarkably 
smooth,  without  a  visible  cause,  or  in  the  vicinity 
of  a  small  island,  &c.  observe  the  set  and  velocity  of 
the  tide  of  flood,  by  hearing  the  log  while  at  an- 
chor, and  denote  the  same  in  the  chart  by  smfAl 
darts.  The  time  of  high  water  is  denoted  by  Roman 
numeral  letters;  rocks  are  denoted  by  small  crosses ; 
sands,  by  dotted  shading,  the  figures  upon  which 
usually  shew  the  depth  at  low  water  in  feet ;  good 
anchoring  places  are  marked  by  a  small  anchor. 
Upon  coming  near  the  shore,  care  must  be  taken  to 
examine  and  correct  the  outline  of  the  chart,  by 
observing  the  inflections,,  creeks,  &c.  more  mi- 
nutely. 
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6.  In  a  small  sailing  vessel  go  out  to  sea,  and 
take  drawings  of  the  appearance  of  the  land,  with 
its  bearings ;  sail  into  the  harbour,  ob;}crve .  the  ap* 

*  pearance  of  its  entrance,  and  particularly  whether 
there  be  any  false  resemblance  of  an  entrance  by 
which  ships  may  be  deceived  into  danger ;  remark 
the  signs  or  objects,  by 'attending  to  which,  the  har- 
bour may  be  entered  in  safety;  more  especially  where 
it  can  be  done,  let  the  ship  steer  to  the  anchoring 
place,  keeping  tvyo  remarkable  objects  in  one,  or  on 
a  line. 

7.  Coasts  are  shaded  off  on  the  land  side; 
houses,  churches,  trees,  &c.  on  shore,  are  drawn 
small  in  their  proper  figures ;  in  a  proper  place  of 
the  chart,  draw  a  mariner's  compass,  to  denote  the 
situation  of  the  rhumbs,  &c. ;  and  on  one  side  of 
the  flower-de-luce,  draw  a  faint  half  flower-de-luce 
at  the  point  of  north  by  compass ;  di*aw  also  a 
divided  scale  of  miles,  or  leagues,  which  must  be 
taken  from  the  same  original  scale  as  the  fundamental 
base* 

Charts  or  plans  may  be  neatly  drawn  with  Indian 
ink,  or  the  pen  and  common  ink,  and  are  as  useful 
as  any  others,  but  they  are  frequently  done  in  water 
colours ;  for  which  purpose  the  beginner  will  derive 
more  advantage  from  viewing  a  proper  drawing,  or 
from  overlooking  a  proficient  at  work,  than  from  a 
multitude  of  written  instructions. 

An  example  to  illustrate  the  foregoing  precepts. 
Let  A  B  C  D  E  F  G  H,  fg.  1 1 ,  plate  23,  represent 
a  coast  to  be  surveyed,  and  1  K  L,  an  adjacent 
island  ;  it  is  required  to  make  an  accurate  chart  of 
the  same. 

To  make  theactual  observation  on  shore.  By  sailing 
or  walking  along  the  shore,  a  rough  sketch  is  made, 
and  station  staves  set  up  at  the  points  of  land.  A,  B, 
C,  D,  E,  F,  G,  H,  and  also  at  1,  K,  L,  on  the  island, 
precept  !•  During  this  operation,  it  is  observed, 
that  no  proper  place  o£fers  itself  at  which  a  fiinda- 
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tnental  base  can  be  drawn^  so  as  to  cominand  at 
once  a  view  of  all  the  stations ;  it  will  therefore  be 
necessary  to  survey  the  coast  in  two  separate  parts, 
by  making  use  of  two  base  lines  ;  if  the  coast  had 
been  more  extended,  or  irnegular,  a  greater  number 
of  base  lines  might  have  heett  necessary.  Between 
the  points  B  and  C,  the  ground  is  level,  and  a  con- 
siderable number  of  the  southernmost  points  may  be 
seen  from  both  points,  conformable  to  precept  2 ; 
make  B  C,  therefore,  the  first  fundamental  base,  its 
length  by  admeasurement  is  found  to  be  812  fa-*^ 
thoms,  and  its  bearing  by  compass  from  B  to  C^  is 
N.  11®  14'  E.  from  each  end  of  this  base,  measure 
with  Hadley's  quadrant  or  sextant  the  angles  formed 
between  it,  and  lines  drawn  to  each  station  in  sight, 
precept  3,  enter,  or  tabulate  them  as  follows  : 

First  fundamental  base  BC= 812  fathoms,  bear^ 
ing  of  C  from  B,  N.  1 1®  14'  B. 


Angle  ABC  =  135  07 

Angle  A  C  B  =    22  54 

L  B  C  =    85  00 

LCB=    71  02 

K  B  C  =    56  28 

KCB=    91  40 

EBC=    4S  32 

ECB=  113  50 

DBCss     13  30 

DCB=  145  20 

After  having  made  these  obsensittions,  it  will  be  re- 
quisite to  proceed  to  the  northern  part  of  the  coast; 
in  all  cases  where  a  coast  is  surveyed  in  separate 
parts,  it  is  best  to  measure  a  new  fundamental 
base  for  each  part,  when  it  can  be  conveniently 
done ;  a  line  from  the  station  £  drawn  towards  F, 
is  well  adapted  to  our  purpose ;  let  E  P,  therefore, 
be  the  second  basd  line,  its  length  by  admeasure- 
ment is  found  to  be  778  &thoms,  and  its  bearing  by 
compass  from  E  to  P,  N.  38^  20'  E.  Measure  the 
angles  formed  by  lines  drawn  from  each  end  of 
this  base,  as  before  directed,  and  tabulate  them  as 
follows : 

2  A  2 
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Second  fandamental  base  E  P  =  778  fathomff, 
bearing  of  P,  from  E.  N.  S8«  ac/  E. 


Angle  H  E  P  =  88  30 

IEP  =  7l  32 
G  E  P  =  43  sg 

FEP  =  27  51 


Angle  H  P  E  =s    73  06 

I  P  E  =s   as  54 

GPE=  111  00 

FPE=  1^7  19 


It  is  sufficiently  apparent^  that  the  connexion  be- 
tween the  two  parts  of  this  survey  is  preserved  by  the 
second  fundamental  base  being  dirawn  from  the  point 
E^  whose  situation  was  before  determined  by  obser- 
vations  from  the  jfirst  base  line ;  if  this  particular  po* 
sition  of  the  second  base  had  not  been  convenient^ 
and  it  had  been  taken  at  a  distance  from  every  point 
determined  in  situation  from  the  first  base>  the  con- 
nexion would  have  required  an  observation  of  the 
bearing  of  one  of  the  said  points  from  each  end  of 
the  second  base:  thus^  suppose  the  line  IP  to  be  the 
second  base  hne,  instead  of  £  P ;  the  position  of  I P 
with  respect  to  the  given  point  E,  may  be  known  by 
taking  the  bearings  of  E^  from  I  and  P. 

All  the  observations  which  are  required  to  be  made 
on  shore^  being  now  completed^  it  will  be  advisable 
to  construct  the  chart  before  we  proceed  to  the  other 
observations  on  th^  water,  for,  by  this  method,  an 
opportunjty  is  cxffered  of  drawing  the  waving  line  of 
the  coast  with  more  correctness  than  could  o^erwis* 
be  obtained. 

GEOMETRICAL  CONSTRUCTION,  ^g.  J2,  plate  23» 

I 

On  the  point  B  as  a  centre,  describe  the  circle 
n  e  B  w,  the  diameters  n  s  and  w  c  being  at  right  an* 
gles  to  each  other,  and  representing  the  meridian  and 
parallel ;  from  n  set  off  the  arc  n  N,  equal  to  tbi^ 
quantity  of  the  variation  of  the  compass ;  draw  the 
diameter  N  S»  and  the  diameter  W  £  at  right  an- 
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gles  to  the  same ;  these  lines  will  represent  the  mag«^ 
netic  meridian^  and  its  parallel  of  latitude* 

From  the  centre  B«  draw  the  first  base  line  B  C 
2=812  fathoms,  N,  11**  14'  E-  by  compass;  from 
one  extremity  B,  draw  the  unlimited  lines  B  a,  B  i^ 
B  k,  B  e,  B  d,  forming,  respectively  with  the  base^ 
the  angles  observed  from  thence ;  from  the  other 
extremity  C,  draw  the  unlimited  lines  C  a^  C  i,  C  k, 
Ce,  Cd,  forming,  respectively  with  the  base,  the 
angles  observed  firom  thence;  the  intersections  of 
lines  terminated  by  the  same  letter,  wiH  give  the  sta- 
tions A,  L,  K,  E,  D,  precept  4. 

Draw  the  line  B  Q,  N.  38®  20'  E.  by  compass, 
and  ftom  £,  draw  £  P  =  776  fathoms  in  the  same 
direction  or  parallel  to  it,  £  P  will  be  the  second 
base  line;  from  one  extremity  E,  draw  the  unlimited 
lines  Eh,  Ei>  Eg,  Ef,  forming,  respectively  with 
the  base,  the  angles  observed  from  thence ;  from  the 
other  extremity  P,  draw  the  unlimited  lines  Ph,  Pi, 
Pg,  Pf;  the  intersections  of  lines  terminated  by 
the  same  letter  will  give  the  stations  H,  I,  G,  F,  pre* 
cept  5. 

Near  the  points  A,  B,  C,  D,  E,  F,  G,  H,  draw  a 
waving  or  irregular  line  to  represent  the  coast; 
draw  also  by  the  help  of  the  points  I,  K,  L,  a  line  • 
to  represent  the  coast  of  the  island. 

The  chart  being  thus  far  deli))eated,  it  will  be  pro- 
per to  make  the  observations  which  are  required  on 
the  water. 

TO  MARE  THE  ACTUAL  OBSERVATIONS  ON  THE  WATER. 

Precept  5  sufficiently  explains  the  business  to 
which  it  is  necessary  to  attend  on  the  water :  no- 
thing more,  therefore,  need  be  added  here,  except 
an  elocidation  of  the  method,  by  the  place  at  which 
any  observation  is  made,  may  be  found  on  the  chart; 
the  place  of  an  observer  may  be  determined  by  th« 
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bearings  of  two  known  objects ;  the  intelligent  prac« 
titioner  will  find  reasons  for  occasionally  preferring 
each  of  these  methods ;  but,  as  the  distance  in  the 
second  method  is  known  only  by  estimation,  we 
have  given  the  preference  to  the  first,  in  the  present 
example ;  all  the  soundings,  &c.  are  supposed  to  be 
laid  down  by  these  methods,  but,  to  prevent  confu- 
sion and  prolixity,  the  lines  of  bearing  are  drawn  only 
from  the  points  M,  N,  and  O. 

From  the  southern  extremity  M,  of  the  reef  of 
rocks,  which  runs  off  the  point  L,  the  bearing  of  the 
stations  C  and  6  are  taken  by  the  compass,  as  fol* 
lows,  viz.  C,  N,  62°  E.  and  B,  N.  85°  E. 

On  the  chart,  therefore,  from  C,  parallel  to  the 
rhumb  B  R,  draw  the  opposite  rhumb  C  m,  S.  62^ 
W.  and  from  B,  draw  the  opposite  rhumb  B  m, 
S.  85^  W.  their  intersection  M,  will  be  the  extremity 
of  the  reef  of  rocks. 

Again,  from  the  sand  head  N,  the  bearings  of  the 
stations  L  and  K  are  taken  by  the  compass,  as  fol^ 
lows,  viz,  L,  N.  17°  W.  and  K,  N.  5^  E. 

On  the  chart  draw  the  i^humb  B  n,  N.  17°  W,  and- 
from  hj  parallel  to  the  same,  draw  the  opposite  rhumb 
L  ri ;  draw  likewise'  the  rhumb  B  T,  N,  5®  E.  and 
from  K,  parallel  to  the  same,  draw  the  opposite 
rhumb  Kn ;  the  intersection  of  these  two  last  lines 
will  be  the  sand  head,  and  the  situation  of  the  point 
of  land  O,  which  lies  so  that  it  cannot  be  seen  from 
either  of  these  base  lines,  is  determined  in  like  mau-r 
ner  from  the  bearings  of  L  and  K,  though  in  prac- 
tice it  may  have  been  more  convenient  to  settle-  its  - 
place  from  a  single  bearing  and  distance  of  the  sta- 
tion A. 

The  position  of  the  compass  is  given  from  that'of 
the  circle  N  E  S  W,  made  use  of  in  the  constructioHj^j 
and  the  scale  of  geographical  miles  is  found  from  th 
consideration,  that  1021  fathoms  make  one  geogra- 
jpiiical  mile ;  take  therefpre  1021  from  (.he  saipe  ^csl\q 
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of  equal  parts,  as  was  used  in  laying  down  the  funda- 
mental bases,  and  it  will  give  one  primary  division 
for  the  intended  scale  of  miles. 

To  measure  a  straight  line  on  the  surface  of  the 
sea.  First,  prepare  a  measuring  line  of  strong  cord, 
two  or  three  hundred  yards  in  length,  with  small 
pieces  of  cork  of  equal  thickness  made  fast  to  it  at 
small  distances,  all  along,  like  a  fishing-net,  so  that 
it  may  float  straight  on  tbe  surface  of  the  water  :  if 
the  line  has  been  well  stretched,  or  much  used  be- 
fore, it  is  the  better ;  also  prepare  two  ropes  some- 
what longer  than  the  greatest  depth  of  the  water  to 
be  measured,  with  a  pig  of  lead  or  iron  ballast^  which 
we  call  an  anchor,  50  or  6o  pounds  weight,  tied  by 
the  middle  to  one  end  of  each  rope,  that  when  it  is 
at  the  bottom  it  may  be  able  to  anchor  a  boat,  and 
bear  to  be  stretched  straight  without  shifting  the 
place  of  the  anchor.  '  Let  the  measuring  line  be 
thoroughly  wet  immediately  before  you  begin  to  use 
it,  and  then  stretched  on  the  water  close  by  the 
shore,  and  its  length  measured  there  with  a  pole. 
Then,  in  the  direction  intended  to  be  measured, 
take  two  remarkable  sharp  objects  on  the  land  in  a 
line,  one  near- the  shore,  the  other  as  far  up  in  the 
country  as  you  can ;  if  such  are  not  to  be  had, 
place  buoys  on  the  water  at  proper  distances  in  that 
direction. 

2*  Take  the  objects,  or  buoys,  in  a  line,  and  hold- 
ing one  end  of  the  measuring  line  fast  on  the  shore, 
carry  out  the  other  in  a  boat,  in  that  direction,  till* 
it  is  stretched  straight  at  its  full  length  by  one  man 
in  the  boat,  and  exactly  at  the  end  of  the  line  let 
another  man  drop  the  anchor,  which  will  mark  one 
length  of  it*  There  keep  the  boat,  and  the  end  of 
the  measuring  line,  close  to  the  anchor  rope,  drawn 
tight  up  and  down,  till  another  boat  takes  in  the 
other  end  which  was  on  the  shore,  and  rows  farther 
on,  and  lays  it  straight  in  the  direction  of  the  land 
marks,  or  buoys,  and  there  drops  another  anchor. 
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which  will  mark  the  second  length  of  the  measuring 
line.  Go  on  thus  till  the  whole  proposed  distance  is 
measured ;  and  immediately  after  let  the  measuring 
line  be  again  measured  with  a  pole  on  the  water  near 
the  shore^  as  at  firsts  and  if  the  lengths  differ^  take 
the  mean  between  them  for  the  true  length.  It  is 
obvious,  that  to  measure  with  any  exactness  this  way^ 
the  sea  must  not  only  be  smooth,  but  void  of  a  swell, 
and  of  all  stream  of  tide ;  either  of  which  will  hin- 
der the  line  from  lying  straight.  This  method  of 
measuring  a  straight  line  may  be  convenient  on  some 
occasions  ;  and  if  care  is  taKen  to  keep  the  anchor 
rope  right  up  and  down  when  the  measuring  line  is 
applied  to  it,  will  be  found  sufficiently  exact  for 
many  purposes,  but  not  for  a  fundamental  base  line 
from  which  other  distances  are  to  be  deduced. 

There  is  another  way  of  measuring  a  straight  line, 
mechaoijcally,  on  the  sel^  wluch  is  so  well  known  to 
seamen,  that  it  is  needless  to  describe  it  particularly 
here ;  and  th^t  is,  by  heaving  the  log  over  a  ship*a 
stem  while  she  is  under  s^  and  observing  how 
many  knots  of  the  log  line  nnu  ^t  in  half  a  minute ; 
for  the  line  is  so  divide^  tbalfthe  ship  will  run,  or 
is  supposed  to  run,  so  many  miles  in  an  hour,  in  a 
straight  course ;  and  twice  as  much  ija  two  hours,^ 
and  so  on.  3ut  this  conclusion  is  founded  on  three 
suppositions,  neither  of  which  is  certain,  viz.  that 
the  log  remains  in  the  same  place  during  the  whole 
half  minute  that  the  line  is  running  out  frpm  the 
ship's  stern ;  that  the  ship  continues  to  sail  with  th^ 
same  velocity,  and  also  in  the  same  direction,  dur- 
ing an  hour,  or  two,  that  she  did  during  the  half 
mmute ;  the  contrary  of  which  is  more  likely  in 
most  cases.  For  the  log  line  may  shrink,  or  stretchy 
while  it  is  running  out ;  or  may  drag  after  the  vessel 
by  the  weight  of  the  line,  or  by  not  running  easily 
and  readily  off  the  reel ;  the  swell  of  the  sea  may 
alter  the  place  of  the  log ;  and  currents,  or  streams 
of  tide,  stronger  or  weaker  b^iow  the  surface  thau 
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Oil  it,  an  unsteady  helm,  lee-way,  and  varying  winds, 
may  change  the  direction,  or  celerity  of  the  ship's  mo« 
tion ;  for  neither  of  which  can  any  certain  allowance 
be  made.  This  way,  therefore,  of  measuring  a 
straight  line,  or  distance,  is  not  to  be  depended  on 
as  exact;  but  is  mentioned  here,  because  rocks^ 
shoals,  or  islands,  sometimes  lie  so  far  from  the  coast, 
that  there  is  no  other  way  of  forming  any  notion  of 
their  distance.  If  .any  such  distance  is  to  be  mea- 
sured after  this  manner,  let  the  log-line  be  thorough- 
ly wet  when  it  is  measured  ;  let  the  length  between 
each  knot  be  51  feet,  which  is  the  120th  part  of  a 
geometrical  mile,  as  half  a  minute  is  xrvtii  part  of 
ap  hour.  Choose  neap-tide,  as  much  slack  water  as 
can  be  got,  and  a  moderate  breeze  of  following  wind ; 
let  the  line  be  run  off  the  reel  so  as  never  to  be 
stretched  quite  straight ;  and  if  the  half  minute  is 
measured  by  a  watch  that  shews  seconds,  rather  than 
by  a  glass,  it  will  generally  be  more  exact.  Perhaps 
one  second  should  be  allowed  for  the  loss  of  time  in 
calling  out  at  the  beginning,  and  stopping  it  atihe 
end  of  the  time;  exce^  the  person  who  holds  the 
watch  can  contrive  to  ooserve  the  going  out  of  the 
red  rag  at  the  beginning,  and  also  to  stop  the  line 
himself  at  the  end  of  the  time;  which  does  not 
seem  a  difficult  matter. 

Tojind  the  distance  of  two  places  by  the  flash  and 
report  of  a  gun.  Sound  moves  11 42  English  feet  in 
one  second  of  time,  or  6 120  feet,  which  makes  a 
geographical  mile,  in  b^'  nearly ;  therefore,  let  a  gun 
be  fir^d  at  one  place  at  an  appointed  time,  and 
observe  the  time  that  elapses  between  the  flash  and 
report,  and  so  many  seconds  as  you  observe,  so  many 
times  1 142  feet  are  you  distant  from  the  place ;  the 
operation  should  be  repeated  two  or  three  times  for 
greater  certainty.  The  distance  to  be  measured  ia 
this  way  should  never  be  less  than  two  miles,  oo 
account  of  errors  that  may  arise  in  taking  the  time# 
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TO  TRANSFER  A  PLAN  FROM  ONE  PAPER  TO  ANOTHER. 

Method  \.  By  points.  Lay  the  rough  plan  upon 
the  clean  paper,  on  which  you  intend  to  draw  the 
fcir  copy,  press  them  close  together  by  weights,  and 
keep  them  as  flat  as  possible ;  then  with  a  pointrel, 
or  needle  point,  prick  through  all  the  corners  of  the 
plan  to  be  copied  ;  separate  the  papers,  and  join  by 
lines  the  points  on  the  clean  paper.  This  method 
can  only  be  used  in  plans,  whose  figures  are  small^ 
regular,  and  bounded  by  straight  lines. 

Method  2.  By  tracitig  paper.  Rub  the  back  of 
the  rough  plan  with  black-lead  powder,  and  having 
wiped  off  the  superfluous  lead,  lay  the  blacked  part 
upon  the  clean  paper,  or  place  a  sheet  of  black  trac- 
ing paper  between  the  rough  plan  and  the  clean  . 
paper ;  weights  are  to  be  placed  as  in  the  former 
method,  to  maintain  the  papers  in  the  same  position. 

Then,  with  a  blunt  point  of  brass,  steel,  or  ivory, 
traOfe  exactly  the  lines  of  the  plan,  pressing  the  paper 
so  much,  that  the  black  lead  under  the  lines  may  be 
transferrer!  to  the  clean  paper ;  when  the  whole  of 
the  plan  has  been  thus  delineated,  go  over  the  black- 
lead  marks  with  common,  or  Indian  ink. 

Method  3.     By  squares.     See  prob.  65,  page  87- 

Method  4.  By  a  copying  glass.  This  is  a  large 
square,  or  rectangular  piece  of  looking  glass,  fixed 
in  a  frame  qf  wood,  which  can  be  raised  to  any 
angle,  like  a  desk,  the  lower  end  resting  upon  the 
table ;  a  screen  of  blue  paper  fits  to  the  upper  edge, 
and  stands  at  right  angles  to  it. 

Place  this  frame  at  a  convenient  angle  against  a, 
strong  light ;  fix  the  old  plan  and  clean  paper  firmly 
together  by  pins,  the  clean  paper  uppermost,  and 
on  the  fiice  of  the  plan  to  be  copied ;  lay  them  with 
the  back  of  the  old  plan  next  the  glass,  namely,  that 
part  which  you  intend  to  copy  first.  The  light 
through  the  glass  will  enable  you  to  perceive  dis- 
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tinctly  every  line  of  the  plan  upon  the  clean  paper^ 
and  you  can  easily  trace  over  them  with  a  pencil ; 
and  having  finished  that  part  which  covers  the  glass, 
slide  another  part  over  it,  and  copy  this,  and  thus 
continue  till  the  whole  be  copied. 

Method  5.  By  the  assistance  of  proportionable 
and  triangular  compasses,  fg.  A  and  N,  plate  1, 
znAJig.  12,  plate  3.  These  will,  in  many  instances, 
assist  the  draughtsman  very  much,  and  lessen  the 
labour  of  copying. 

Method  Q.  By  the  pantographer.  There  is  no 
method  so  easy,  so  expeditious,  nor  even  so  accurate, 
as  the  pantographer.  It  is  an  instrument  as  useful 
to  the  experienced  draughtsman,  as  to  those  who 
have  made  but  little  progress  in  the  art.  It  saves  a 
great  deal  of  time  either  in  reducing,  enlarging,  or 
copying  of  the  same  size,  giving  the  outlines  of  any 
drawing,  however  crooked  or  complex,  with  the 
utmost  exactness ;  nor  is  it  confined  to  any  particular 
kind,  but  may  with  equal  facility  be  used  for  copy- 
ing figures,  plans,  sea  charts,  maps,  profiles;  land-* 
scapes,  &c.  f^Q  plate  ^1$  Jig*  IQ. 

PJCSCRIFTION   AND   USE   OF  THE   PANTOGRAPHER,    OR 

PANTAGRAPH. 

I  have  not  been  able  to  ascertain  who  wA  the 
inventor  of  this  useful  instrument  The  earliest 
account  I  find,  is  that  of  the  Jesuit  Scheiner,  about 
tbe  year  l631,  in  a  small  tract  entitled,  Pantagra- 
phice^  sive  Ars  nova  Delineandi.  Tlie  principles  are 
self  evident  to  every  geometrician  ;  the  mechanical 
construction  was  first  improved  by  my  father,  about 
the  year  1750.  It  is  one,  among  other  scientific 
improvements  completed  by  him,  that  others  have, 
many  years  after,  assumed  to  themselves. 

The  pantographer  is  usually  made  of  wood,  op 
brass,  from  \%  inches  to  two  feet  in  length,  and 
consists  of  four  fl^t  rules.  Jig.  19,  plate  31,  two  of 
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them  long  and  two  short.  The  two  longer  are  joined 
at  the  end  A  by  a  double  pivot,  which  is  fixed  to  one 
of  the  rules^  and  works  in  two  small  holes  placed  at 
the  end  of  the  other.  Under  the  joint  is  an  irory 
castor  to  support  this  end  of  the  instrumenL  The 
two  smaller  rules  are  fixed  by  pivots  at  £  and  H^ 
near  the  middle  of  the  larger  rules^  and  are  also 
joined  together  at  their  other  end^  G. 

By  the  construction  of  this  instrument,  the  four 
rules  always  form  a  parallelogram.  There  is  a  slid« 
ing  box  on  the  longer  arm,  and  another  on  the 
shorter  arm^  These  boxes  may  be  fixed  at  any  part 
of  the  rules,  by  means  of  their  milled  screws ;  each 
of  these  boxes  are  furnished  with  a  cylindric  tube,  to 
carry  either  the  tracing  point,  crayon,  or  fulcrum. 

The  fulcrum,  or  support  K,  is  a  leaden  weight ; 
on  this  the  whole  instrument  moves  when  in  use. 
To  the  longer  instruments  are  sometimes  placed.two 
moveable  rollers,  to  su|^rt  and  facilitate  the  mo- 
tions of  the  pantograpber ;  their  situation  may  be 
varied  as  occasion  requires. 

The  graduations  are  placed  on  two  of  the  rules, 
B  and  D,  with  the  proportions  of  -f,  -}>,  -J-,  &c.  to  Vt9 
marked  on  them. 

The  pencil  holder,  tracer,  and  fulcrum,  must  in  all 
cases  be  in  a  right  line,  so  that  when  they  are  set  to 
any  number,  if  a  string  be  stretched  over  them,  and 
they  do  not  coincide  with  it,  there  is  an  error  either 
in  tiie  setting  or  graduations. 

The  long  tube  which  carries  ti\e  pencil,  or  crayon, 
moves  easily  up  or  down  in  another  tube ;  there  it 
a  string  affixed  to  the  long,  or  inner  tube,  passing 
afterwards  through  the  holes  in  the  three  small  knobs 
to  the  tracing  point,  where  it  may,  if  necessary,  be 
fastened.  By  pulling  this  strings  the  peAcil  is  lifted 
up  occasionally,  and  thus  prevented  from  making 
false  or  improper  marks  upon  the  copy. 

To  reduce  in  any  of  the  proportions  4^,  4^,  i,  i,  ^c. 
as  marked  on  the  two  bars  B,  and  D.    Suppose ^  for 
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example,  ^  is  required.  Place  the  two  sockets  at  |. 
on  the  bars  B  and  D.  Place  the  fulcrani^  or  lead 
weight  at  B^  the  pencil  socket^  with  pencil  at  D^  and 
the  tracing  point  at  C.  Fasten  down  upon  a  smooth 
boards  or  table^  a  sheet  of  white  paper  under  the  pen- 
cil D^  and  the  original  map,  &c.  under  the  tracing 
point  C,  allowing  yourself  room  enough  for  the 
various  openings  of  the  instrument.  Then  with  a 
steady  hand  carefully  move  the  tracing  point  C  over 
the  outlines  of  the  map,  and  the  pencil  at  D  will 
describe  exactly  the  same  figure  as  the  original,  but 
4.  the  size.  In  the  same  manner  for  any  other  pro* 
portion,  by  only  setting  the  two  sockets  to  the  num- 
ber of  the  required  proportion. 

The  pencil-holder  moves  easily  in  the  socket,  to 
give  way  to  any  irregularity  in  the  paper.  There  if 
a  cup  at  the  top  for  receiving  an  additional  weight, 
either  to  keep  down  the  pencil  to  the  paper,  or  to 
increase  the  strength  of  its  mark. 

There  is  a  silken  string  fastened  to  the  pencil-hoU 
der,  in  order  that  the  pencil  may  be  drawn  up  off 
the  paper,  to  prevent  false  marks  when  crossing  the 
original  in  the  operation. 

If  the  original  should  be  so  large,  that  die  instru- 
ment will  not  Extend  over  it  at  any  one  operation^ 
two  or  three  points  must  be  marked  on  the  original, 
and  the  same  to  correspond  upon  the  copy.  The 
fulcrum  and  copy  may  then  be  removed  into  such 
situations  as  to  admit  the  copying  of  the  remaining 
part  of  the  original ;  first  observing,  that  when  the 
tracii^  point  is  applied  to  the  three  points  marked 
on  the  original,  the  pencil  falls  on  the  three  cor- 
responding points  upon  the  copy.  In  this  manner, 
by  repeated  shiftings,  a  pcntagraph  may  be  made  to 
copy  an  original  of  ever  so  large  dimensions. 

To  enlarge  in  any  of  the  proportions  4,  4,  -J-,  <§r. 
Suppose  ^.  You  set  the  two  sockets  at  4>  as  before, 
and  have  only  to  change  places  between  the  pencil 
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and  tracing  pointy  viz.  to  place  the  trading  point  at 
D^  and  the  pencil  at  C. 

To  copy  of  the  same  size,  but  reversed.  Place  the 
two  sockets  at  4-^  the  fulcrum  at  D^  and  the  pencil 

There  are  sometimes  divisions  of  100  unequal 
parts  laid  down  on  the  bars  B  and  D^  to  give  any 
intermediate  pro)K>rtion^  not  shewn  by  the  fractional 
numbers  commonly  placed. 

Pentagraphs  of  a  greater  length  than  two  feet  are 
best  made  of  hard  wood,  mounted  in  brass^  with  steel 
centres,  upon  the  truth  of  which  depends  entirely 
the  equable  action  of  this  useful  instrument. 


OF    LEVELLING. 


The  necessity  of  finding  a  proper  channel  for 
conveying  water  occurs  so  often  to  the  surveyor,  that 
any  work  on  tl^t  subject,  which  neglected  to  treat 
on  the  art  of  levelling,  would  be  manifestly  imper- 
feet ;  I  shall  therefore  endeavour  to  give  the  reader  a 
satisfactory  account  of  the  instruments  used>  and  the 
mode  of  using  them. 

A  DESCRIPTION  OF  THE  BEST  SFIRFT  LEVEt. 

Fig.  8,  plate  17>  represents  one  of  the  best  con- 
structed spirit  levels,  mounted  on  the  most  com- 
plete staves,  similar  to  those  affixed  to  a  best  theo- 
dolite. 

Tha  achromatic  telescope,  A,  B,  C,  is  moveable, 
either  in  the  plane  of  the  horizon^  or  with  a  small 
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inclination  thereto^  so .  as  to  cut  any  object  whose  ' 
elevation,  or  depression^  from  that  plane,  does  not 
exceed  i  2  degrees ;  the  telescope  is  about  two  feet 
long,  is  furnished  with  fine  cross  wires,  the  screws  to 
adjust  which  are  shewn  at  a,  for  determining  the  axis 
of  the  tube,  and  forming  a  just  line  of  sight.  By 
turning  the  milled  screw  B,  on  the  side  of  the  tele* 
scope,  the  object  glass  is  moved  outwards,  and  thus 
the  telescope  suited  to  different  eyes. 

The  tube  c  c  with  the  spirit  bubble  is  fixed  to  the 
telescope  by  a  joint  at  one  end,  and  a  capstan  headed 
screw  at  the  other,  to  raise  or  depress  it  for  the  ad- 
justment.    The  two  supporters  D,  £,  on  which  the 
telescope  is  placed,  are  nearly  in  the  shape  of  the 
letter  Y,  the  inner  sides  of  the  T^s  are  tangents  to 
the  cylindric  ring  of  the  telescope.     The  lower  ends 
of  these  supporters  are  let  perpendicularly  into  s 
strong  bar ;  to  the  lower  end  of  the  support  £,  is  i 
milled  nut  F,  to  bring  the  instrument  accurately  ti 
a  level ;  and  at  the  other  end  of  the  bar  at  H,  is 
screw  for  tightening  the  support  I>,  at  any  heigh 
Between  the  two  supports  is  a  compass  box  G,  divic 
ed  into  four  quai-ters  of  90°  each,  and  also  into  d6o 
with  a  magnetical  needle,  and  a  contrivance  to  thro 
the  needle  off  the  centre  when  it  is  not  used  ;  an 
thus  constituting  a  perfect  circumferentor. 

The  compass  is  in  one  piece  with  the  bar,  or 
sometimes  made  to  take  on  iemd  off  by  two  screvi 
To  the  under  part  of  the  compass  is  fixed  a  couU 
brass  ferril  K,  which  is  fitted  to  the  bell-metal  fn 
tum  of  a  cone  at  the  top  of  the  brass  head  of  t 
staves,  having  at  its  bottom  a  ball,  moving  in  a  socH 
in  the  plate  fixed  at  the  top  of  the  three  metal  joi^ 
for  the  legs.  L,  L,  are  two  strong  brass  para|l 
plates,  with  four  adjusting  screws,  b,  b,  b,  whiehls 
used  for  adjusting  the  horizontal  motion.  The  sdr 
at  M,  is  for  regulating  this  motion,  and  the  screvvp , 
for  making  fast  the  ferril,  or  whole  instrument,  vdn 
necessary.    By  these  two  screws  the  instrumeps 
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erect.  In  the  common  sort  of  levels  with  a  shorter 
telescope  from  12  to  20  inches  in  length,  and  with- 
out a  circumferentor,  they  are  glassed  to  shew  the 
objects  inverted.  To  an  expert  observer  this  will 
make  tio  difference ;  atid,  there  being  but  two  eye- 
glasses instead  of  four,  as  in  the  other,  about  three 
or  four  inches  are  saved  in  the  length  of  the  tele- 
scope. 

A  short  brass  tube,  to  screen  the  sun*8  ray^  firom 
the  object  glass,  is  sometimes  made  to  go  on  the  ob- 
ject end  C  of  the  telescope,  and  a  screw-driver,  and 
steel  pin  for  the  capstan-headed  screws  are  packed  in 
the  same  case  with  the -instrument.* 

Two  very  useftil  mahogany  station  staves  often 
accompany  this   instrument;  they  consist  of  two 

*  Fig.  10,  IS  a  representation  of  a  brass  mounted  pocket  spirit 
level,  about  six  inches  in  length,  with  sights,  having  a  ground  oot- 
^niy  intended  for  ordinary  purposes  either  in  levenioff  a  plane  or 
determining  level  points.  When  about  12  inches  inlength,  with 
double  sights  and  adapted  to  a  staff,  it  may  serve  for  conducting 
small  parcels  of  water,  or  draining  afield,  &c* 

Fig,  11,  is  one  that  I  have  constructed  with  some  improTement. 
The  brass  perpendicular  piece  A,  is  made  to  slide  on  ocoMonally 
by  a  dovetail.  By  this  piece»  and  the  bottom  of  the  level  together, 
any  standing  square  pillar,  or  other  object,  may  be  set  to  the  level, 
and  perpendicular  at  the  same  time.  The  case  of  the  spirit  level 
B,  swings  on  two  pivots ;  the  horizontal  position,  therefore,  o£  a 
ceiling  or  under  surface  of  a  plane  may  be  as  readily  obtained  as 
any  inferior  plane  in  the  common  wajr ;  the  spirit  level  thereby  al-  ^ 
ways  remainmg  the  same,  and  the  position  of  the  base  only  chang- 
ing to  admit  of  a  contact  with  the  plane  to  be  levelled,  in  which 
case  also  the  perpendicular  side  A,  becomes  equally  useftiL 

The  adjustment  of  these  pocket  levels  is  very  easily  proved,  or 
made^  by  bringing  the  bubble  in  the  middle  upon  any  table  or 
base;  if,  upon  reversion  afterwards  on  the  same  place  precisely, 
the  bubble  keeps  to  the  middle,  it  is  adjusted ;  if  not,  by  means  of 
a  screw-driver  turn  one  of  the  screws  at  the  proper  end,  till  it  be  so 
raised  or  depressed  as  to  cause  the  bubble  to  stand  the  reversing, 
at  the  same  time  altering  the  inclination  of  the  plane  on  which  the 
level  is  tried.  If  a  bubble  stand  the  reversion  of  the  level  upon 
the  plane,  both  level  and  plane  are  right,  and  it  is  most  expedi* 
tious  to  adjust  small  levels  on  a  true  honzontal  plane ;  if  the  nub*  ^ 
hie  does  not  stand  the  reversion,  both  bubble  and  plane  are  in- 
clined, and  both  require  to  be  corrected  by  half  the  wliole  angle  , 
a£  the  deviation  shewn  by  reversion.    Edit.                                                ] 
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parts^  each  part  is  about  five  feet  ten  inches  long,  so 
that  wh^n  they  are  pulled  out  to  their  greatest  extent, 
they  form  a  ten  feet  rod ;  and  every  foot  is  divided 
into  IQO  equal  parts.  To  each  of  these  staves  there 
is  a  sliding  white  vane  Ajfig.  9,  plate  1 7^  with  a  brass 
wire  across  a  square  hole  made  in  the  vane  ;  when 
this  wire  coincides  with  the  horizontal  wire  of  the 
telescope,  it  shews  the  height  of  the  apparent  level 
above  the  ground  at  that  place. 

OF   LEVELUNG. 

Levelling  is  the  art  which  instructs  us  in  finding 
how  much  higher  or  lower  any  given  point  on  the 
surface  of  the  earth  is,  than  another  given  point  on 
the  same  surface  ;  or  in  other  words,  the  difference 
in  their  distance  from  the  centre  of  the  earth. 

Those  points  are  said  to  be  level,  which  are  equi-^ 
distant  from  the  centre  of  the  earth.  The  art  of  leveU 
ling  consists,  therefore,  1st.  In  finding  and  marking 
two,  or  more  level  points  that  shall  be  in  thecircum-^ 
ference  of  a  circle,  whose  centre  is  that  of  the  earth. 
2dly.  In  comparing  the  points  thus  found,  with  other 
points,  in  order  to  ascertain  the  difference  in  their 
distanc(!^s  from  the  earth's  centre. 

Let  Jig.  1,  plate  23,  represent  the  earth  ;  A,  its 
centre  ;  the  points  B,  C,  O^  E,  F,  upon  the  circum- 
ference thereof  are  level,  because  they  are  equally 
distant  from  the  centre  ;  such  are  the  waters  of  the 
sea,  lakes,  &c. 

.  To  knmv  how  much  higher  the  point  B,^.  2, plate 
23,  is  than  C,  and  C  lower  than  D.  We  must  find, 
and  mark  the  level  points,  E,  F,  G,  upon  the  radii 
A  B,  AC,  AD,  thereby  comparing  B  with  E, 
Cwith  F,  and  D  with  G;  we  shall  discover  how  much 
B  is  nearer  the  circumference  of  the  circle  than  C, 
and,  consequently,  how  much  further  from  the  ecn« 
tre  of  the  eartli,  and  so  of  the  other  points. 

2  B  2 
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THE   LEVEL   POINtS. 

The  first,  vVhich  i§  the  most  simple  ind  indepcn* 
aent,  is  by  the  tangent  of  a  circle,  for  the  two  exti»ew 
mities  of  M'le  thiigent  girc  the  true  l^yeJ  points,  «5?hen 
thte  poittt  df  c)6ntaet  is  precisely  i6  the  middle  of  the 
line.  But  if  the  point  of  contact  rrith  the  circum- 
ference be  at  one  of  the  extremities  of  the  line,  or  in 
any  other  part  except  the  middle,  it  will  then  only 
shew  the  apparent  level,  as  one  of  its  extremities  is 
fdrther  frohi  th\*  circmnfcrencc  than  the  other.  Thus 
the  tangent  B  C,jfig,  3,  plate  23,  mark*  dut  two  true 
lev'el  points  at  B  and  C,  because  the  point  of  contact 
D  i^  exaclFy  in  the  middle 'of  the  line  B  C,  *ttd  its 
two  extremities  arc  equally  distant  from  the  dl'cum- 
ferehce  and  the  centre  A» 

But  thfe  tabgfent  fi  Dfjig.  7,  plate  23,  marks  two 
points  of  apparent  level,  because  the  point  B,  where 
it  touches  the  circumference,  is  not  the  middle  of  the 
Hnc;  and,  therefore,  one  of  its  extremities  B,  is 
nearer  to  the  centre  than  the  other  D ;  D  is  further 
from  the  centre^  in  proportion  as  it  is  more  distant 
from  the  point  of  the  contact  B  ;  which  constitutes 
the  difference  between  the  true  anS  apparent  level, 
of  which  we  shall  speak  presently.  Evcrj"  point  of 
the  apparent  kvel,  except  the  point  of  contact,  is 
higher  than  the  true  level. 

As  the  tangent  to  a  circle  is  perpendicular  to  the 
radius,  wc  may  make  use  of  the  radius  to  determino 
the  tangent,  a'nd  thus  mark  the  level  jjoints.  Thus 
}et  A,  Jig.  5,  plate  23,  represent  the  centre  of  the 
earth,  AB  the  radius,  atid  CBD,  the  tangent;  the 
two  extremities  C,  D,  are  equally  distant  from  the 
point  of  contact  B,  consequently  the  angles  B  C  A, 
B  D  A,  will  be  equal ;  the  angles  at  the  tangent 
point  are  right  angles,  and  the  radius  common  to 


OF   MAHKIKG   LEVEL  FOIVTS.  %JB 

both  triangles,  and  the  sides  C  A,  I>  A,  ave  equal,  and 
the  points  CD,  are  two  level  points,  because  equally 
distant  from  the  centre. 

It  is  evident  from  this,  that  if  from  any  point  of 
the  radius  two  lines  be  drawn,  one  on  each  side, 
making  equal  angles  with  it,  and  being  of  an  equal 
length,  the  extreme  points  of  these  lines  will  be  level 
points.  Thus,  if  from  B,  of  the  radius  B  A,  two 
equal  lines  BC,  BD,  Jig.  6,  plate  IS,  be  drawn, 
making  equal  angles,  C  B  A,  DBA,  then  will  C 
and  D  be  equally  distant  from  the  centre ;  though 
the  level  may  be  obtained  by  these  oblique  lines,  yet 
it  is  far  easier  to  obtain  it  by  a  line  perpendicular  to 
the  radius. 

When  the  lev^l  line  is  perpendicular  to  the  radius, 
and  touches  it  at  one  of  its  extremes,  the  other  ex- 
tremity will  mark  the  apparent  l^vel,  and  the  true 
level  is  found  by  knowing  bow  much  the  apparent 
one  exceeds  it  iii  heigrht. 

To  find  the  height  of  the  apparent  above  the  true 
level  for  a  certain  distance,  square  that  distance,  and 
then  divide  the  product  by  the  diameter  of  tlic  earth, 
atid  the  quotient  will  be  the  required  diilbrence ;  it 
follows x^learly,' that  the  heights  of  the  apparent  level 
at  difierent  distances  arc  as  the  squares  of  those  dis- 
,  tances  ;  and,  consequently,  that  the  difference  is 
greater,  or  smaller,  in  proportion  to  the  extent  of  the 
line  ;  for  the  extremity  of  this  line  separates  more 
from  the  circumference  of  tlie  circle,  in  proportion 
as  it  recedes  from  the  point  of  contact.  Thu^,  l^t 
Afjig.  7j  plate  23,  be  the  centre  of  the  earth,  B  C 
the  arc  which  marks  the  true  level,  and  B,  E,  D,  the 
tangent  that  marks  the  apparent  level ;  it  is  evident, 
that  the  secgnt  AD  exceeds  the  radius  AB,  by  CD, 
which  is  the  difference  between  the  apparent  and 
true  lovel ;  and  it  is  equally  isvident,  that  if  the  line  . 
extended  no  farther  tbftn  Et,  this  difierence  wonjd 
not  be  so  great  as  when  it  is  extended  to  D,  and 
which  increases  as  the  line  is  lengthened* 
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When  the  diitance  does  not  exceed  25  yards^  the 
difference  between  the  two  levels  may  be  neglected; 
but  if  it  be  50»  100,  &c.  yards,  then  the  error  result- 
ing from  the  difference  will  become  sensible  and  re- 
quire to  be  noticed. 

A  table,  which  shews  the  quantity  of  curvature  below  the  appa- 
rent leva!  in  inches,  for  every  chain  up  to  100. 
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80 
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24 
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90 
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11 
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37il,71 
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; 

13;0,21 

260,84 
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For  5280  feet  or  one  mile  7^  inches ;  for  two  miles,  four  times 
as  much,  or  2  feet  7.6  inches ;  Tor  tl^ree  miles,  nine  times  us 
much ;  and  so  oua  increasing  as  the  square  of  the  distance* 

The^r^l  method  of  finding  and  marking  two  level 
points,  is  by  i,  tangent  wh6s^  point  of  contact  is  ex-  ^ 
actly  in  the  middle  of  the  level  line ;  this  method  • 
may  be  practised  without  regarding  the  difierenoe 
.between  the  apparent  and  true  level ;  but,  to  be  used 
with  success,  it  would  be  well  to  place  your  instru- 
ment as  often  as  possible  at  an  equal  distance  from 
the  stations  ;  for  it  is  clear,  that  if  from  one  and  the 
same  station,  the  mstrument  remaining  at  the  same 
height,  and  used  in  th^  same  manner,  two  or  more 
points  of  sight  be  observed,  equally  distant  from  the 
^ye  of  the  observer,  they  will  also  be  equi-distant 
from  the  oeqtre  of  the  earth. 
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Thus,  let  the  instrumenting'.  S,  plate  23,  be  pkoed 
at  equal  distances  froni  C,  D  ;  £,  F,  the  two  points 
of  sight  marked  upon  the  station-staves  C  G,  D  H,. 
will  be  the  level  points^  and  the  difierence  in  the 
height  of  the  points  £,  F,  will  shew  how  tnuch  one 
place  is  higher  than  the  other. 

Second  method.  This  consists  in  levelling  from 
one  point  immediately  to  another,  placing  the  in- 
strument at  the  stations  where  the  staves  were  fixed. 
This  may  also  be  performed  without  noticing  the  dif- 
ference between  the  true  and  apparent  level ;  but 
then  it  requires  a  double  levelling,  made  from  the 
first  to  the  second  station,  and  reciprocally  from  the 
second  to  the  first. 

Thus,  let  the  two  stations  be  B  £,  jf  jT*  9^  plate  23, 
the  station-staves  C  B,  D  £,  which  in  the  practice 
of  levelling  may  be  considered  as  parts  of  tne  radii. 
A  B,  A  £,  though  they  be  reaUy  two  perpendiculars 

Jarallel  to  each  other,  without  the  risk  of  any  error, 
n  order  to  level  by  this  method,  plant  the  instru- 
ment at  B,  let  the  height  of  the  eye,  at  the  first  ob- 
servation, be  at  F,  and  the  point  of  sight  found  be  G; 
then  remove  the  instrument  to  £,  and  fix  it  so  that 
the  eye  may  be  at  G ;  then,  if  the  line  of  sight  cuts 
F,  the  points  F  and  G  are  level,  being  equally  dis-^ 
tant  from  the  centre  of  the  earth,  as  is  evident  from 
the  figure. 

But  if  the  situation  of  the  two  stations  be  such, 
that  the  height  of  the  eye  at  the  second  station  could 
not  be  made  to  coincide  with  G,  but  only  with  H^ 
^g*  ^Of  plate  23,  yet  if  the  line  of  sight  gives  I  as 
far  distant  from  F  as  G  is  from  H,  tke  two  lines  FG, 
HI,  will  be  parallel,  and  their  extremities  level 
points ;  but  if  that  is  not  thecjise,  the  lines  of  sight 
are  not  parallel,  and  do  not  give  level  points,  which 
however  might  still  be  obtained  by  further  observa- 
tions ;  but,  as  this  mode  is  not  practised,  we  need  not 
dwell  fiirther  upon  it. 

The  velocity  of  running  water  i»  proportional  to 
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ihe  fall )  where  the  fall  is  only  three  or  four  inches 
in  a  mile,  the  velocity  is  very  small ;  some  cuts  have 
been  made  with  a  fall  from  four  to  six  inches ;  a  four 
inch  fall  in  a  straight  line  is  said  to  answer  as  well  as 
one  of  six  inches  witfh  many  windings. 

The  distance  from  the  telescope  to  the  steifshouM 
not,  if  possible,  exceed  i 00  j^rds,  or  five  chains ;  but 
SO  or  00  yards  are  to  be  preferred. 

OF  THE  PRACTICE  OF  LEVELLING. 

1  St.  Of  Simple  Levelling. 

We  term  that  simple  levelling,  when  level  points 
aT»  determined  from  erne  station,  whether  the  level 
be  fixed  at  one  of  the  points,  or  between  them. 

Thus,  let  ABy^g.  1 ,  plate  ^4,  be  the  station  points 
«f  the  level;  C,  D,  the  two  points  ascertained,  and 
}et  the  height 

Feet.    Inches. 

from  A  to  C  be  6      O      O 
from  B  to  D  be  9      o      0 


*• 


.  .  their  difference  is  3      0      0 

shewing  that  B   is  three   feet  lower 

than  A. 

In  this  example,  the  station  points  of  the  level  are 
below  the  line  of  sight  and  level  points^  as  is  gene^ 
rally  the  case ;  but  if  they  were  above,  as  in  Jig.  2, 
plute  24,  and  the  distance  of  A  to  C,  be  six  feet,  and 
from  B  to  D  nine  feet,  the  difierenee  will  .be  still 
three  feet^  th^t  B  is  higher  than  A. 

ad.  Of  Qmpound  Levelling. 

Compound  levelling  is  nothing  more  tban  a  col- 
leotion  of  many  single  or  simple  operations  compared 
together.  To  render  this  subject  clearer,  we  shall 
enpposet  thet  fox  a  particular  purpose  it  were  neces^ 
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aary  to  know  the  difference  in  the  level  of  the  two 
points  A  Mid  N,  ^g.  3,  plate  M  :  A  on  the  river 
ZomCf  N  on  the  nver  Belann. 

As  I  could  find  no  sutisfkctory  ex^nipl^s  in  any 
English  writer  that  I  was  acquainted  with,  and  not 
being  myself  in  the  habits  of  making  actual  surveys^ 
or  conducting  water  from  one  place  to  another,  I  was 
under  the  necessity  of  using  those  given  by  Mr.  Xe 
Feivre. 

Stakes  should  be  driven  down  at  A  and  N»  exactly 
level  with  the  surface  of  the  water,  and  these  should 
be  so  fixed,  that  they  may  not  be  changed  until  the 
whole  operation  is  finished ;  the  ground  between  the 
two  rivers  should  then  be  sui-veyed,  and  a  plan  thereof 
made,  which  will  greatly  assist  the  operator  in  the 
conducting  of  bis  business ;  by  this  he  will  discover 
that  the  shortest  way  from  A  to  N,  is  by  the  dotted 
line  A  C^  G  H,  H  N,  and  h^  will  from  hence  also 
determine  the  necessary  number  of  stations,  and 
distribute  them  properly,  some  longer  than  the 
others^  according  to  the  nature  of  the  case^  and  the 
situation  of  the  ground.  In  this  instance  1 2  stations 
are  used ;  stakes  should  then  be  driven  at  the  limits 
of  each  station,  as  at  A,  B,  C,  D,  £,  F,  &c.  they 
should  be  driven  about  18  inches  into  the  ground^ 
and  be  about  two  or  three  inches  above  its  sur&ce  i 
stakes  should  also  be  driven  at  each  station  of  the 
instrument^  as  at  i,  2,  3,  4,  &c. 

Things  being  thus  prepared,  he  may  begin  his 
work;  the  first  station  will  beat  l,equi-distantfrom 
the  two  limits  A,  B ;  the  distance  from  A  to  B,  1 66 
yards ;  and,  consequently,  the  distance  on  each  side 
of  the  instrument,  or  from  the  station  stake^  will  be 
83  yards.  ^ 

Write  down  in  the  first  column,  the  first  limit  A ; 
in  the  second,  the  numbet*  of  feet,  inches,  and  tenths, 
the  points  of  sight  indicated  on  the  station  staff  at 
A,  namely,  7. 6.0.  In  the'third  column,  the  second 
Ijmit  B ;  in  the  fourth,  the  height  indicated  at  the 
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station  staff  B^  namely^  6.0.0.  Lastly,  in  the  fifth 
column,  the  distance  from  one  station  staff  to  the 
other,  in  this  instance  166  yards. 

Now  remove  the  level  to  the  point  marked  2, 
which  is  in  the  middle  between  B  and  C,  the  two 
places  where  the  station  staves  are  to  be  held,  ob- 
serving that  B,  which  was  the  second  limit  in  the 
former  operation,  is  the  first  in  this:  then  write 
down  the  observed  heights  as  before,  in  the  first 
column  B ;  in  the  second  4.6.0 ;  in  the  third  C ; 
in  the  fourth,  5.6.i2 ;  in  the  fifth,  d6o,  the  distance 
between  B  and  C. 

As,  from  the  inequality  of  tlie  ground  at  the  third 
station,  it  is  not  possible  to  place  the  instrument  in 
the  middle  between  the  two  station  staves,  find  the 
most  convenient  point  for  your  station,  as  at  3  ;  then 
measure  exactly  how  far  this  is  from  each  station 
staff,  and  you  will  find  from  3  to  C,  l6o  yards  ;  from 
3  to  D,  80  yards :  the  remainder  of  the  operations 
will  be  as  in  the  preceding  station. 

In  the  fourth  operation  it  will  be  necessary  to  fix 
the  station,  so  as  to  compensate  for  any  error  that 
might  arise  from  the  inequality  of  the  last ;  there- 
fore mark  out  80  yards  from  the  station  staff  D,  to 
the  point  4  ;  and  1 6o  yards  from  4  to  £  ;  and  this 
must  be  carefully  attended  to,  as  by  such  compensa- 
tions the  work  may  be  much  facilitated. 

Proceed  in  the  same  manner  with  the  eight  re- 
maining stations,  as  in  the  four  former,  observing  to 
enter  every  thing  in  its  respective  column  ;  when  the 
whole  is  finished,  add  the  sums  of  each  column 
tc^ether,  and  then  subtract  the  less  from  the  greater, 
thus  from  82  :  2  :  5,  take  76  :  Q  :  7,  and  the  re- 
mainder 5  :  4  :  8,  is  what  the  ground  at  N,  is  lower 
than  the  ground  at  A. 
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0 
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0 
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0 
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7 
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7 
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6 
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OF  THE  PROFILE  OF  THE  LEVEL. 

The  next  thing  to  be  obtained  is  a  section  of  this 
level ;  for  this  purpose  draw  a  dotted  line,  as  O  O, 
j^g,  4,  plate  24 f  either  above  or  below  the  plan,  which 
line  may  be  taken  for  the  level  or  horizontal  line ; 
then  let  fall  perpendicHlars  upon  this  line  from  all 
the  station  points  and  places,  where  the  station  staves 
were  fixed. 

Beginning  at  A,  set  off  seven  feet  six  inches 
upon  this  line  from  A  to  a ;  for  the  height  of  the 
level  point  determined  on  the  staff  at  this  pkee, 
draw  a  line  through  a,  parallel  to  the  dotted  line  OO, 
which  will  cut  the  third  perpendicular  at  by  the 
second  station  staff ;  set  off  from  this  point  down* 
wards  six  feet  to  B,  which  shews  the  second  limit  of 
the  first  operation,  and  that  the  ground  at  B,  is  one 
foot  six  inches  higher  than  at  A ;  place  your  instru- 
ment between  these  two  lines  at  the  height  of  the 
level  line,  and  trace  the  ground  according  to  its 
different  heights. 
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Now  set  off  on  the  second  station  staff  B,  four 
feet  six  inches  to  Cy  the  height  determined  by  the 
level  at  th«  second  station ;  £ind  frpo)  c,  dftiw  a  line 
parallel  \o  O  O^^  which  will  cqt  the  fifth  perpen- 
dicular at  dy  the  third  station  staff  from  this  point 
set  oflF  5  feel  six  inches'^ag-  downw^^rds  to  C,  which 
will  be  our  second  limit  with  respect  to  the  pre- 
ceding one,  and  the  third  with  respect  to  the 
first ;  then  draw  your  instrument  in  the  middle  be- 
tween B  and  C^  and  delineate  the  ground  with  its 
different  inequalities.  Proceed  in  the  same  manner^ 
from  station  to  station,  to  the  last  N,  and  you  will 
have  the  profile  of  the  ground  over  which  the  level 
was  taken. 

To  trace  more  particularly  the  profile  of  each 
station.  It  is  necessary  to  observe  in  this  place, 
that  if  the  object  of  the  operation.be  only  to /know 
the  reciprocal  height  of  the  two  extreme  terms,  as 
in  the  preceding  example^  then  the  method  there 
laid  down  for  the  profile  or  section  will  b6  sufficient ; 
biit  if  it  be  neceasarv  to  have  an  exact  detail  of  the 
ground  between  the  said  Umits,  the  foregoing  method 
)s  too  general ;  we  shall,  therefore,  institute  anodier 
example,  in  which  we  srhall  suppose  the  level  to  have 
been  taken  from  A  to  N,  by  another  route,  but  on 
more  uniform  ground,  and  less  elevated  above  the 
level  of  the  two  rivers,  in  order  to  form  a  canal, 
marked  O,  P,  Q,  R,  S,  T,  V,  X,  Y,  for  a  commu- 
nication from  one  river  to  the  other. 

Draw  at  pleasure  a  line  Z,  Y,^^.  §,  plate  2d,  to 
represent  the  level  line  and  regulate  the  rest ;  then 
let  f;pJKon  tliis  li&e,  perpendiculars  to  represent  the 
Maves  at  the  limits  of  each  station,  taking  care  that 
they  be  fixed  acourately  at  their  respective  distances 
from  e^ch  other. 

As  the  difference,  between  the  extreme  limits 
ought  to  be  the  same  as  in  the  former  example,  is 
5  feet  4  inches  -iV^  set  off  this  measure  upon  the 
perpendicular  at  O,  the  first  limit,  and  from  O;,  pro* 
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longidg  the  Ji^tpetidiculAr^  tnMek  otf  sit  tt,  the  he^t 
detefniined  at  the  first  BTtation  ^taff,  zt  itt  th^  ptt^ 
ceding  e^aitaple;  thien  do  the  sktn^  With  th^ 
second  ahd  third,  land  so  ofi  with  the  following,  till 
thte  part  of  the  wotk  iS  ^nifehed  *,  th^re  thfeh  Ye^ 
mains  only  to  delineate  in  detail  th^  gt^aud  'hi^^ 
tWe^n  the  station  istatefs ;  the  diht^tic^s  &r^  ^ssnitted 
lafgter  iVi  this  instance  oti  atcouttt  of  th6  detail. 

To  get  thd  section  of  the  gitniYid  between  O,  and 
P,  place  your  instt^ument  kt  one  of  tlV6  limits  &s  P, 
fixing  it  so  that  the  cross  hairs  may  answer  to  the 
point  b;  tlicn  look  towards  the  first  limit  o,  rtiisilig 
or  depressing  the  vane,  till  it  cbincide^  with  the  in- 
tersection of  the  cross  hairs,  and  the  line  of  sight,' 
frbrti  oite  point  to  ttie  other  will  mark  th6  level  or 
horizontal  line. 

Now  to  set  off  the  height  of  the  brink  of  thfe  rivet 
abov6  the  first  limit,  drive  a  strike  down  close  to  the 
gtbftnd  kt  «,  upon  which  place  your  station  stafF, 
and  observe  at  whiat  height  the.  hairs  intersect  the 
vatie,  it  will  be  at  4.  10  ;  then  layirtg  off  Upon  the 
line  O  Z,  tlie  distance  from  the  first  term  to  the  first 
Hab6,  from  whence  let  fall  a  perpcrtdicular,  and  Set 
off  thereon  4.  10  to  a^  which  gives  the  height  at  the 
stake,  or,  which  is  the  same,  the  height  from  the 
edge  of  the  river  above  the  surface  of  the  water,  as  is 
plain  from  the  section. 

Drive  a  second  stake  at  b,  \x\  a  line  between  the 
limits ;  place  the  station  staff  upon  this  stake,  and 
observe  the  height  4.  6.  intersected  by  the  cross 
hairs,  the  instrument  still  remaining  in  the  same 
situation ;  set  off  on  the  level  line  the  distance 
from  the  first  stake  a,  to  the  second  by  and  then 
letrfall  a  perpendicular,  and  mark  upon  it  4.  6.  to 
A,  which  gives  us  the  height  of  the  ground  at  this 
place. 

To  mark  out  the  small  hollow  c,  drive  down  a 
third  stake  even  with  the  ground,  in  the  middle 
of  it  at  c;   but  as  before  in  the  station  line,  mark 
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upon  the  level  line  the  exact  distance  from  the 
second  stake  &,  to  the  tjiird  c  ;  then  let  fall  a  per- 
pendicular from  c,  and  set  off  thereon  6:8:0 
Jointed  out  by  the  cross  hairs  on  the  staff,  which 
etermines  the  depth  of  the  hollow^  as  may  be  seen 
by  the  section. 

With  respect  to  the  ground  between  each  stake, 
as  the  distances  are  now  very  short,  it  will  be  easily 
expressed  by  the  operator,  whose  judgment  will 
settle  the  small  inequalities  by  a  comparison  with 
those  already  ascertained. 

Proceed  thus  with  the  other  stations,  until  you 
arrive  at  the  last,  and  you  will  obtain  an  accurate 
section  in  detail  of  your  work ;  by  such  a  section,  it 
is  easy  to  form  a  just  estimation  of  the  land  to  be 
dug  away,  in  order  to  form  the  canal,  by  adding 
thereto  tne  depth  to  be  given  to  the  canal. 

Another  example  of  compound  levelling.  In  the 
levelling  exhibited  in  plate  1^5,  we  have  an  example 
taken  where  the  situation  was  so  steep  and  moun« 
tainous^  that  it  was  impossible  to  place  the  staves 
at  equal '  distances  from  the  instrument,  or  even  to 
make  a  reciprocal  levelling  from  one  station  to 
another. 

Such  is  the  case  between  the  first  point  A,  taken 
from  the  surface  of  a  piece  of  water,  which  falls  from 
the  mountains,  and  the  last  point  K,  at  the  bottom 
of  a  bason,  where  it  is  proposed  to  make  a  fountain, 
and  the  height  is  required,  at  which  a  jet  d*eau 
will  play  by  conducting  the  water  from  the  reser- 
voir A,  to  the  point  K,  of  the  bason,  by  tuBes  or 
pj]3es  properly  made,  and  disposed  with  all  the  usual 
precaution. 

From  the  manner  in  which  the  operator  must  pro- 
ceed in  this  instance,  it  is  evident,  that  the  instru- 
ment should  be  adjusted  with  more  than  ordinary 
care,  as  the  true  distance  from  one  mountain  to  the 
other  cannot  be  attained  without  much  trouble. 

The  height  is  here  so  great,  that  it  will  be  neces- 
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saiy  to  go  by  small  ascents  from  A  to  D,  and  it  wiU 
probably  be  commodious  in  some  part  of  this  work 
to  use  a  smaller  in8.truraent;  underneath  is  a  table 
of  the  different  level  points  as  ascertained,  which^ 
with  the  profile  and  plan,  render  this  paii:  of  the 
work  sufficiently  clear,  without  further  explica- 
tion. 
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5 
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47 

3 

0 
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S5 
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9 

0 

2405 

IC 

0 

5 
Difference  5 

15    0 

0 

\ 

;i   9 

0 

Only  two  l^vcllings  are  made  here  between  A  and 
D,  though  it  is  evident  from  the  plan,  that  more 
would  have  been  necessary ;  but  as  our  design  is 
only  to  shew  the  manner  of  proceeding  in  this  par- 
ticular case,  and  as  more  would  have  confused  the 
plan  and  section,  they  are  here  neglected. 

In  the  fourth,  the  height  found  was  l6.  8;  but  as 
the  distance  £,  350  yards,  was  considerable,  it  was 
necessary  to  reduce  the  apparent  level  to  the  true 
one ;  the  satne  was  also  done  in  all  other  cases  where 
It  was  necessary ;  at  the  last  liniit  we  first  get  the 
lieight  from  n  o,  then  from  o  to  I,  then  from  I  K, 
which  added  together,  and  then  corrected  for  the 
curvature,  gives  47.  3.  0.  Now,  by  adding  each 
column  together,  and  then  subtracting  ope  from  the 
other,  we  obtain  51  feet  nine  inches  for  the  height, 
which  the  point  A  is  above  the  bottom  of  the  bason, 
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and  which  will  cau^e  the  jet  d^eau  to  rise  abottt  45 
ftet 

The  gtntrat  sdCtim  of  thia  operation  is  delineated 
under  the  plan  fiit  Jig^  2.  and  is  sufficiently  plain 
from  what  has  been  already  aaid  in  the  preceding 
instances.  But  an  eitact  profile  of  the  mountaih  is 
not  so  easy,  as  it  would  require  many  operations,  as 
may  be  seen  in  th6  section ;  some  of  these  might 
however  be  obtained^  by  measuring  from  the  level 
line  already  mentioned,  without  moving  the  'instru^ 
ment,  as  at^^.  3. 

Example  Z 9  Jig.  I,  plate  26.  Mn  LeFebvre^ves 
us  in  that  of  a  river,  being  one  part  of  the  river  Hay^ 
noTf  from  Lignebruk  to  Filleboutg,  and  the  mode 
he  observed  in  taking  this  leVcL 

The  first  operation  was  that  of  having  stakes  driven 
at  several  parts  of  the  river,  even*  with  the  water's 
edge ;  the  first  stake  A,  a  little  above  the  mills  at 
Lignebruk,  shews  the  up{)er  water  mark  when  the 
water  is  highest,  and  is  our  first  limit ;  the  stake  b^ 
shews  the  low  w^ater  mark  at  the  same  mills,  the 
stake  B,  is  the  second  limit. 

The  stakes  C,  and  D,  above  and  below  the  mills 
of  Mazurancey  shew  the  height  of  the  waters  when 
at  the  highest  and  lowest,  and  their  dificrence } 
these  stakes  form  our  third  and  fourth  limits.  Lastly, 
the  stakes  at  E  and  F,  above  and  below  tlie  mills  at 
Villebourgy  mark  as  before  the  difierence  between 
the  highest  and  lowest  stations  of  the  water,  and  . 
are  also  the  last  limits  of  the  operation. 

Particular  care  was  taken,  that  the  marks'  should 
all  be  made  exactly  even  with  the  edge  of  the 
water,  and  they  were  all  made  at  their  different  parts 
of  the  river,  as  nearly  as  possible  at  the  same  instant 
of  time. 

The  principal  limits  of  the  levelling  being  now 
determined  and  fixed,  it  only  remains  to  find  the 
level  between  the  limits,  according  to  the  methods 
ilseady  pointed  out,  using  every  advantage  that  may 
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contribtite  to  the  success  of  the  work,  and  at  the 
tame  time  avoiding  all  obstacles  and  diflicxilties  that 
might  retard,  or  injure  the  operations. 

The  first  rule  is  always  to  take  the  shortest  possible 
way  from  one  limit  to  the  other. 

However,  this  rule  njust  not  be  followed  if  there 
are  considerable  obstacles  in  the  way,  as  hills>  woods^ 
marshy  ground^  &c.  or,  if  by  going  aside,  kny 
advantage  can  be  obtained ;  thus,  in  the  present 
instance,  it  was  found  most  convenient  to  go  from 
A  2,  to  B,  by  the  dotted  line  AcdefehikB, 
which,  although  it  appears  the  longest,  was  in  effisct 
the  shortest,  as  you  have  only  to  level  from  one  pond 
to  the  other,  at  A  c,  d  e,  f  e,  h  i,  k  B,  (at  the  top  of 
the  plate,)  the  distances  c  d,  ef,  g  b,  i  k,  the  surfaces 
of  the  several  ponds  being  assumed  as  level  lines, 
thereby  abridging  the  work  without  rendering  it  less 
exact ;  more  so,  as  it  was  not  the  length  of  the  river 
that  was  required,  but  only  the  declivity. 

Having  levelled  from  A  to  B,  proceed  from  B  to 
C,  following  the  dotted  line  B  1  m  n  o  C,  whence  we 
obtain  the  difference  in  height  between  the  surface 
of  the  water  at  A,  and  that  at  C.        * 

The  next  step  was  to  level  between  C  and  D, 
above  and  below  the  mills,  to  find  the  difference 
between  the  water  when  at  its  highest  and  lowest 
situations.  From  D,  levels  were  taken  across  the 
country  to  P,  leaving  P  on  account  of  the  pond  or 
lake  which  was  assumed  as  level,  we  began  at  q^ 
'  from  thence  to  r,  where  we  left  off;  beginning  agam 
at  $^  then  levelling  from  thence  to  ^,  and  so  on  to  E, 
above  the  mills  at  Villebourg,  und  finished  at  F^ 
bekmcthem* 

By  these  operations  we  o1>tained  the  knowledge 
of  how*much  the  waters  above  and  below  the  mills 
of  Li^nebruk  are  higher  than  those  of  Manzuranciy 
and  these,  than  those' of  Villebourg,  with  all  the 
necessary  consequences.  Ffom  this  example,  the 
importance  cf  a  thorough  knowledge  of  the  ground 
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in  order  to  ciarry  on  suph  a  work  is  very  evident ; 
this  piece  of  levelling  was  near  five  German  miles  in 
length;  in  a  straight  line,  and  nine  or  ten  with  the 
bcnding»  of  tlie  river*  For  the  profile  or  section 
of  the  foregoing  operation,  fig.  2,  plate  26,  first 
draw  the  doUed  line  A  G,  on  which  let  faU  perpen- 
diculars from  the  principal  limits,  ABC£,  pro* 
duoed  ;  then  beginning  at  the  highest  water  mark  at 
Lignebruky  set  off  three  feet  to  six,  for  the  difference 
between  high  and  low  water ;  from  b  draw  the  dotted 
line  b  c,  parallel  to  A  G.  From  the  pdint  set  off  on 
the  perpendicular  four  feet  to  B,  the  difference  found 
between  b  and  B  ;  from  B  draw  B  d,  parallel  also  to 
A  G ;  then  set  off  three  feet  from  d  to  C  downwards, 
for  the  difference  found  between  B  and  C,  and  4-4- 
feet  Irom  C  to  D,  for  the  difference  in  height  of  the 
mills  Bt  Mazurance.  From  D  draw  the  line  De 
parallel  to  A  G,  and  from  the  point  e  to  £,  set  off 
three  feet  for  the  difference  of  the  level  between  D 
and  £.  And  lastly,  from  £  to  F,  set  off  one  foot 
six  inches  for  tlie  difference  between  the  higher  and 
lower  waters  at  the  mills  of  Villebourgy  shewing 
that  there  are  1 Q  feet  difference  which  the  upper 
waters  at  Lignebruk .  are  higher  than  the  lower 
waters  of  Villebourg. 

The  pocket  measuring  tape  of  100  feet  in  length, 
with  the  centesimals  of  a  yard,  is  found  to  be  an 
useful  article  in  the  practice  of  levelling. 

A«TllONOMICAL   OBSERVATIONS   AT    LAND,   WITH 
HADLSY's   OCTANT  AND   SEXTANT. 

The  portability  of  the  sextdnt,  its  cheapness  com* 
pared  with  other  instruments,  the  ease  with  which  it 
is  used,  the  accuracy  of  the  observaJ:ions  made  with 
it,  strongly  recommend  it  to  the  attention  of  sur- 
veyors, &c.  the  only  addition  necessaiy  to  employ 
it  advantageously  in  astronomical  observations  at 
land,  is  an  artificial  or  reflecting  horizon.^ 
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*  The  beet  artificial  horizon  is  quicksilveiror  water; 
but  as  these  are  always  more  or. less  affected  by  the 
air,  the  trough  which  contains  th^m  should  be 
covered  with  a  roof,  .consisting  of  two  parallel  planes 
of  glass.     See  page  270. 

If  these  are  parallel,  it  iqatters  little  at  what  angl^ 
they  are  set,  and  if  any  error  be  suspected,  the  frame 
may  be  placed  sometimes  with  one  side,  sometimes 
with  the  other,,  f<^:^most,  taking  a  mean  of  the  obser- 
vations. 

Reflecting  surfaces,  whether  of  glass  or  metal, 
circular  levels,  floating  planes  of  glass,  &c.  are  not 
to  be  depended  upon,  as  they  always  give  a  different 
altitude  or  diameter  from  that  observed  from  the 
surface  of  the  mercury,  or  water,  proved  by  taking 
the  sun's  meridian  altitude  or  its  diameter  succes- 
sively from  these  difl'erent  surfaces  ;  this  arises  from 
the  imperfection  of  the  surface  of  metal  or  glass, 
which  has  never  been  ground  perfectly ^a/. 

The  parallelism  of  a  glass  may  be  readily  exa- 
mined, and  its  defects  easily  discovered ;  whereas 
the  want  of  a  flat  surface  has  scarce  been  suspected. 
The  parallelism  of  d  glass  may  be  discovered  by  look- 
ing at  the  moon  with  it,  and  receiving  her  rays  in  a 
very  oblique  manner,  so  as  to  make  the  angle  be- 
tween the  direct  and  reflected  rays  as  obtuse  as  pos- 
sible ;  if  it  appears  single  and  well  defined^  the 
glass  is  parallel.  Or  a  glass  may  be  accurately  exa- 
mined by  laying  it  on  a  piece  of  paper,  and  viewing 
the  top  of  a  wall  or  chimney,  &c.  about  15  or  20 
yards  distant;  for,  if  the  two  surfaces  be  not 
parallel,  the  object  will  appear  double  and  sur- 
rounded with  a  light  fringe,  and  thus  may  every  part' 
of  the  glass  be  examined,  and  its  defects  discovered ; 
the  examination  will  be  more  perfect  if  a  small  teles^ 
oope  be  used. 

To  examine  whether  a  surface  be  a  perfect  plane, 
take  the  sun  s  diameter  very  accurately  with  your 
lextanti  M^hen  its  altitude  is  considerable;  then  exa- 
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mtne  in  the  surface  you  wish  to  try  the  tiro  images, 
without  altering  the  index  v  if  it  be  concave,  the 
two  ima^s  will  lap  over,  if  conveic,  they  will  sej^* 
rate,  and  tlie  quantity  of  this  error  may  be  found 
by  the  sextant.  If,  therefore,  you  use  class,  &c. 
as  a  reflecting  surface  for  an  artificial  horizon,  you 
must  either  allow  for  the  error,  which  makes  the 
given  altitude  too  great,  if  the  glass  be  convex,  and 
too  small,  if  concave  ;  or  you  must  make  both  your 
adjustments  and  observations  from  the  same  reflect- 
ine^surface.  But  this  will  not  entirely  obviate  the 
dimcult}^,  as  the  surfece  is  apt  to  vary  from  the  sun's 
heat  during  a  long  course  of  observations. 

The  angle,  observed  by  means  of  the  artificial 
horizon,  is  always  double  the  altitude  of  the  star,  &c. 
above  the  horizon ;  consequently,  you  cannot  take  an 
altitude  of  more  than  45^  with  an  octant^  or  of6cP 
by  the  sextant. 

Every  thing  "being  ready,  and  the  instrument  pro- 
perly adjusted,  move  backward,  till  you  see  the  re- 
flected image  of  the  ^un  in  water.  If  this  image  be 
bHght,  turn  one  or  more  of  the  dark  glasses  behind 
the  horizon  glass. 

Hold  now  the  sextant  in  a  vertical  plane,  and  di- 
rect the  sight  to  the  sun^s  image  in  the  artificial  hori- 
zon. Then  move  the  index  till  you  see  the  other 
image  reflected  from  the  mirrors  come  down  to  the 
sun^s  image  seen  in  the  horizon,  so  as  to  touch,  but 
not  pass  It ;  then  bring  the  Qdges  in  contact  in  the 
middle,  between  the  wires  of  the  telescope,  as  before 
directed,  and  the  divisions  on  the  arc  will  shew  the 
double  altitude. 

Correct  the  double  altitude  for  the  index  error, 
before  you  halve  it.     Then  to  this  half  altitude  add 
the  sun*8  semi -diameter,  and  subtract  the  correction 
for  refraction,  and  you.  will  have  the  true  altitude  of 
^hc  8un*s  centre  above  the  real  horizon. 

Tlie  altitude  of  a  star  must  be  taken  in  the  samt 
ifianner  as  that  of  the  sun  ;  the  double  altitude  must 

a- 


WITH   BABIiET*i  ttXTANT.  889 

be  corrected  ibr  the  index  error,  if  zmj,  then  helved*, 
and  this  half  corrected  for  refraction  gives  the  true 
ftltitade  above  the  real  horiton« 

In  taking  the  sun^s  altitude,  whether  for  the  puf^ 
pose  of  calculating  time,  or  for  double  altitudes,  it , 
IS  best  to  fix  the  index  to  some  particular  division  of 
the  instrument  vnth  great  nicety,  and  then  wait  till 
the  sun  is  risen  or  fallen  to  that  altitude. 

This  is  much  better  than  observing  its  altitude  and 
moving  the  screw  to  it,  as  the  screw  when  thus  sud- 
denly moved  is  very  apt  to  alter  a  small  trifle  by  the 
inequality  and  pressum  of  the  threads,  after  the  hand 
is  removed  from  it ;  whereas,  when  it  is  fixed  to 
eome  division  previous  to  the  observation,  it  may  be 
repeatedly  tried  and  examined  before  the  obsel^vatioa 
is  taken. 

An  accurate  observer  will  find  that  the  error  of 
his  sextant  will  vary  according  as  he  takes  it,  by 
moving  tbe  index  backwards  or  forwards  in  taking- 
the  Q*%  (sun*s)  diameter  on  the  quadrantal  arc  of 
excess ;  this  is  owing  to  some  spring  in  the  index,  or 
inequality  in  the  adjusting  screw,  which  it  is  very 
difficult  totally  to  obviate. 

Tbe  beat  way  to  correct  this,  is  always  to  move 
the  index  the  same  way  in  making  ^our  observations, 
as  you  did  in  taking  the  error  of  adjustment ;  though 
where  a  great  number  of  observations  are  taken,  it 
were  best  both  to  settle  the  adjustment,  and  take 
the  observations  alternately  by  moving  the  index 
backwards  and  forwards,  or  by  setting  the  objects 
open,  and  making  them  lap  over  alternately.  A 
mean  of  all  these  will  certainly  b^  the  most  free 
from  error,  as  the  errors  will  counteract  each 
other. 

This  may  also  correct  a  faulty  habit  which  an 
observer  may  have  contracted,  in  forming  the  con- 
tact  between  the  two  objects ;  and  though  there 
may  seem  to  be  some  impropriety  in  the  mode,  y<^ 
a  mean  of  them  will  be  much  nearer  the  truth  than 
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any  sitigie  observation,  ivherc  a  person  prefers  seem* 
ing  to  real  accuracy. 

The  lower  limb  of  the  0  or  «([  always  oomea 
first  into  contact,  v/ben  you  move  the  index  for- 
ward, and  the  index  shews  the  double  altitude  of 
the  0  8  upper  limb,  if  the  moveable  sun  is  upperr 
most,  but  of  the  lower  limb  when  the  mcweable  sun 
is  lowermost 

At  sea,  they  generally  take  the  altitude  of  the 
0's  lower  limb,  because  it  is  most  material  to  bring 
that  to' sweep  the  hori;son»  But,  by  land,  it  is 
most  correct  to  take.lbe  altitude'.of  the  Q's  upper' 
limb;  1.  Because  it, is  highest, .and  less  Mable  to 
be  affected  by  refraction.  2.  Becauae  the  aemir 
diameterund  n^ractioaare  both  9ubtract]ve>'aQd4be 
operation  is  more  direct  than  when  one  is  pUm^  and 
the  other  minus. 

JO  TAKE  THE  A^TITUDl^  OF  THE  SUM  ^Y  TIf  ]$  FDBJK 

OBSERVATION. 

Observations  taken  by  meant  of  the  fere  hmzon 

flass  arc  called  fore  observations,  because,  in  them 
oth  objects  are  before  the  observer. 

Previous  to  eveiy  observation,  the  instrument 
should  be  examined,  in  order  to  see  whether  the 
index  or  horizon  glasses  be  firm,  or  whether  any 
of  the  sci^iii^s  be  loose ;  the  horizon  glass  must  also 
be  adjusted. 

One  or  two  of  the  dark  glasses  should  be  placed 
before  the  horizon'glass,  'always  proportioning  the 
strength  of  the  shades  to  the  brightness  of  die  sun's 
rays,  that  tlie  image  may  be  looked  at  without 
injuring  the  eye. 

Hold  the  quadrant  in  a  vertical  position,  the  are 
downwards,  either  by  the  braces  or  the  radii,  as  may 
be  most  convenient,  or  still  better  according  to  the 
y  foregoing  directions.  Let  the  eye  be  at  the  upper 
hole  in  the  sight  vane,  an4  tb^  lower  part  of  th9 
lirnb  a^iast  the  brestat, 
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Turn  yourself  towards  the  sun,  and  oH-ect  the' 
sight  to  that  part  of  the  horizon  that  lies  directly 
tinder  it,  keeping  the  quadrant,  as  near  as  you  can 
judge,  in  a  plane  passing  through  the  sun's  centra 
and  the  nearest  part  of  the  horizon,  moving  at  the 
sAme  time  the  index  with  the  left  hand,  so  as  to 
bring  the  image  of  the  sun  down  towards  the  ho« 
rizon ;  then  swing  the  quadrant  round  in  a  line 
parallel  to  the  line  of  sight ;  by  this  means  the 
image  of  the  sun  may  be  made  to  describe  the  arc 
of  a  circle,  with  the  convex  side  downwards.  Now 
if  that  edge  of  the  sun  which  is  observed,  just 
grazes  upon  the  horizon,  or  if  the  horizon  just 
touches  it  like  a  tangent,  without  cutting  it,  the 
observation  is  rightly  made^  and  the  degrees  and 
minutes  pointed  out  by  the  nonius  on  the  arc  shew  ' 
the  apparejit  altitude  of  the  sun.  But  if  the  sun** 
fdge  dip  below,  or  cut  the  horizon,  the  index  must 
be  moved  backward;  if,  on  the  contrary,  it  falls 
short  of  it,  the  index  must  be  moved  forward,  utjtil 
it  jufet  graze  the  horizon. 

Dr.  Maskelyne  gives  the  following  advice :  that 
in  taking  the  sun's  altitude,  the  observer  should  turn 
his  quadrant  round  u|X)n  the  axis  of  vision,  and  at 
the  same  time  turn  himself  upon* his  heel,  so  as  to 

.  keep  the  sun  always  in  that  part  of  the  horizon  glass 
which  is  at  the  same  distance  as  the  eye  from  the 
plane  of  the  qtaadrant ;  and  that  unless  care  be  taken 
to  observe  tlic  objects  in  the  proper  part  of  the 
horizon  glass,  the  measured  angles  cannot  be  true. 

^  In  this  method  the  reflected  sun  will  describe  an 
arc  of  a  parallel  circle  round  the  true  sun,  whose 
convex  side  will  be  downwards,  and  consequently 
when  by  moving  the  index,  the  lowest  point  of  the 
arc  is  made  to  touch  tlie  horizon,  the  quadrant  will 
,  stand  in  a  vertical  plane,  and  the  altitude  above  the 
visible  horizon  will  be  properly  observed. 

Oreat  care  should  be  taken  that  th^  situation  of 
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the  index  be  not  altered^  before  the  quantity  it  makes 
is  read  off. 

The  observed  or  apparent  altitude  of  the  sun  re- 
quires  three  corrections,  in  order  to  obtain  the  true 
altitude  of  the  sun*8  centre  above  the  true  horizon. 

1.  llie  4rst  correction  is  to  obtain  the  observed 
altitude  of  the  sun's  centre. 

All  astronomical  calculations  respecting  the  hea^ 
venly  bodies  are  adapted  to  their  centres ;  but  in 
taking  altitudes  of  the  sun,  it  is  usual  to  bring  bis 
lower  limb  in  apparent  contact  with  the  horizon.  In 
this  case  it  is  evident,  that  a  quantity  equal  to  the 
semidiameter  of  the  sun  must  be  added  to  the  ob- 
served altitude^  to  give  the  altitude  of  his  centre. 
But  if  on  any  occasioD,  as  from  clouds,  the  altitude 
of  the  upper  limb  be  taken,  the  semi-diameter  of 
the  sun  must  be  subtracted. 

The  mean  semi*diameter  of  the  sun  is  l6  mi*' 
nutes,  which  may  be  taken  as  a  constant  quantity 
in  common  observations,  as  the  grea'lest  variation 
from  this  quantity  scarcely  exceeds  one  quarter  of  % 

miouti^. 

2.  The  second  correction  is^  to  rectify  the  errors 
arising  from  refraction. 

One  of  the  principal  olgects  of  astionomy  is  to 
fix  the  situation  of  the  several  heavenly  bodies.  It 
is  necessary,  as  a  first  step,  to  understand  the 
causes  which  occasion  a  variation  in  the  appearance 
of  th6  place  of  those  objects,  and  make  *us  sup»^ 
pose  them  to  be  in  a  different  situation  from  what 
they  really  arc  t  among  these  causes  is  to  be  reckon^ 
ed  the  following.* 

The  rays  of  hght>  in  their  passage  from  the  celes* 
tial  luminaries  to  our  eyes,  are  bent  from  their  tru^ 
direction  by  the  atmosphere ;  this  bending  is  called 
refractionj  and  they  are  more  or  less  refracted,  ac^ 

» A^lamV^rtroooimqil  and  p^ographicsl  Essajs,  by  Jpo^  1818» 
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cordiQg  to  the  degree  of  obliquity  with  whi<;b  the^ 
eoter  the  atmospbere,  that  is  according  to  the  altih 
tude  of  the  object ;  from  tbi«  cause,  their  apparent 
altitude  is  always  too  great ;  the  quantity  to  be  sub* 
tracted  froin  the  observed  altitude  may  be  found  ia 
auy  treatise  oa  mvjgatiQ^* 
The  following  pleasing  and  easy  experiment  will 

g've  the  reader  an  idea  of  wtiat  is  meant  by  tbe.  r^* 
ftction  of  the  rays  of  light ;  a  vfondertul  property^ 
to  which  we  are  indebted  for  all  the  advantages  of 
visiouj  and  titie  assistance  we  receive  from  telescppe^ 
&c. 

Experiment.  Into  any  shallow  vessel,  as  a  bason, 
put  a  shilling,  and  retire  to  such  a  distance,  as 
that  you  can  just  sec  the  farther  edge  of  the  shil* 
ling,  but  no  more ;  let'  the  vessel,  the  shilling,  and 
your  eye^  remain  in  the  same  situation,  while  an 
assistant  fills  up  the  vessel  with  water,  and  the 
whole  shilling  will  become  visible,  the  rays  com« 
ing'from  tbe  shilling  being  lifted  or  bent  upwards 
in  their  passage  through  the  water.  For  tlie  same 
reason,  a  straight  stick  put  partly  into  water  appears 
bent 

3.  Tbe  third  correction  is  for  the  dip,  or  depressibn 
of  the  horizon. 

The  dip  of  the  horizon  is  the  quantity  that  the 
apparent  horizon  appears  below  the  true  horizon, 
aod  is  principally  occasioned  by  the  height  of  the 
observer's  eye  above  the  water ;  for,  as  he  is  ele- 
vated above  the  level  of  the  sea,  the  horizon  he 
views  is  below  the  true  one,  and  the  observed  alti- 
tude is  too  great,  by  a  quantity  proportioned  to  the 
height  of  the  eye  above  tbe  sea :  the  quantity  to  be 
subtracted  from  the  altitude  will  be  found  in  any 
Treatise  upon  Navigation.* 

Mr.  Nicholson  says,  that  observers  at  sea  gene, 
rally  choose  to  stand  in  the  |ihip*s  waist  when  they 

*  S««  W.  iQVLmf%  Pfsicriptim  and  Use  of  JSadley 's  Quadrsat, 
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take  tttitodeBy  because  thie  height  of  the  eye  above 
the  water  is  not  so  much  altered  by  the  motion  of 
the  ship ;  but  this  is  'of  no  conseqU^rice,  for  in 
rough  iveather  the  edge  of  the  sea  beheld  from  m 
small  elevation  is  made  uneven  by  waves,  whose  alti- 
tudes amount  to  two  or  three  hiinUtes,  or  more ; 
which  ducumstance  produces  as  great  an  uncer- 
tainty as  the  rise  and  ikll  of  the  object  seen  from 
the  poop,  when  the  ship  pitches.  ^These  are  mi- 
nute causes  of  error,  but  not  to  be  disregarded  by 
those  who  wish  to  obtain  habits  of  accuracy  and  ex- 
actness.* 

'       MERIDIONAL   ALtlTUDES. 

r 

The  meridian  altitude  of  the  sun-f-  is  found  by 
attending  a  few  minutes  before  noon,  and  taking 
his  altitude  from  time  to  time ;  when  the  sun^s  al- 
titude remains  for  some  time  without  any  consider- 
able increase,  the  observer  must  be  attentive  to 
mark  the  coincidence  of  the  limb  of  the  sun  with; 
the  horizon,  till  it  perceptibly  dips  b^low  the  edge 
of  the  sea.  The  quantity  thus  observed  is  the  mcrio 
dional  altitude. 

TO   TAKE  THE   ALTITUDE   OF   A   STAR. 

ft 

Before  an  observer  attempts  to  take  the  altitude 
of  a  star,  it  will  be  proper  for  him  to  exercise  him- 
self by  viewing  a  star  with  the  quadrant,  and  learn- 
ing to  follow  the  motion  of  the  reflected  image 
without  losing  it,  lest  he  should  take  the  image  of 
some  other  star^  instead  of  that  whose  altitude  he  is 
desirous  to  obtain.  His  quadrant  being  properly  ad* 
justed,  let  him  turn  the  dark  glasses  out  of  the  way, 
and  then, 

* 

*  Nicholsan's  Navigator's  Assistant. 
t  Atplaces  where  it  rises  and  Eel  ^. 
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•    1 .  Set  the  ixukx  of  the  noiiiHS  to  the  0  Ibe  ofuhe 

1.  Hold  the  qaadrant  in  s  vertiea]  position^  ^kf^^ 
able  to  the  faregeing  dtrectiobs.  r  -    ' 

'  3.  Uaoky  tlumrgh  the-  fiight  vade  -und  the  tnoi^ 
parent  part  o£  the'  horizon  glass;  8traig}it  npto  tht 
star,  which  will  coincide  with  the  image  seen  in  tht 
silvered  pa#t»..aiid .ferm  one  star;. but,  as  sooii  as 
fmi  ottoire  timj  index  ibrwaid,  the  lefiected  ionigi 
mil  deaeead  belew  the  real/ star ;  you  taustdblbrf 
this  image,  by  moving  the  whole  body  of  the  <|tHi» 
draikt  downwasda^  so  as  to  keep  it  in  tile  silvared  <|tart 
of  the  horixon^ghsa^  as  the  motiQiiqof  fhel  index' ds^ 
presses  it,  until  it  comes  do^n  exactly  to  tha'edgeof 
the  horizon.    ' ./' 

"  Itris  Reckoned  better  to  obsenne  close  than  open  ; 
that  is,  to  be  well  assured  that  the  .objects. toodi 
each  other;  and  this  opinion  is  well  founded,  as  maa^ 
persons  are  near-si^ted  witbout  knowing  it,  ana 
see  distant  objects  a  little  enlarged,  by  the  addition 
cf  a  kind  of  penumbra,  or  indistinct  shading  off  into 
the  adjacent  air*  "^ 

There  are  but  two  norreetioqs  to  be  made  to  the 
observed  altitude  of  a  star,  the  one  for  the  dip  of  tfaa 

horizon,  the  other  lor  refraction* 

•  » 

ftULES  FOR  TIKDIKG  THE  LATITUDE  ;  THE  StJK*i 
ZENITH  •  DISTANCE,  AND  DSCLIKATION  AT  NOOll 
^EING   GIVEN. 

The  first  subject  for  consideration  is,  whether  the 
6un*s  declination  be  north  or  south  ;  and,  secondly, 
whether  the  required  latitude  be  north  or  soutli*  If 
the  latitude,  or  declination,  be  both  north,  or  both 
south,  they  are  said  to  be  of  the  same  denomina* 
tion  ;  but  if  one  be  north,  and  the  other  south,  they 
are  said  to  be  of  different  denominations.  Thirdly, 
take  the  given  altitude  from  90^  to  obtain  the  zenith 
di>taftpet 
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.  Rmh  1  •  If  the  seoith  dittanoe  and  daiiKiinlioA  be 
of  the  lame  name,  then  their  diflerenoe  will  gnre 
«iw  htkode,  whoae  deoominatinn  ia  the  aame  with 
the  declination,  if  it  be  greater  than  the  zenith  dia^ 
teaoe ;  bnt  the  latitude  is  of  a  contrary  denctfni- 
Miti<M),  if  the  sdnith  distance  be  less  than  the  dacli* 
nation* 

Muk  X  If  the  aenith.  distance  and  declination 
kara.  contiraTy  naaoes,  their  aum  sbewa  the  required 
latitude^  whoae  name  Will  be  the  same  aa  the  dedi-*' 
nation. 

Ofi  by  the  two  following  ntlea  ytm  stay  find  the 
latitude  of  the  plaod  from  the  altitude  and  declina* 
tion  i^iven;  t  • 

Rule  1.  If  the  altitude  and  declination  are  of 
difinent  names,  that  is,  the  one  north,  the  other 
soath)  add  90  degraes  to  the  declination  ;  from  that 
aum  subtract  the  meridian  altitude,  thertmainder 
is  the  latitude,  and  is  of  the  same  name  as  the  dedi* 
nation. 

•  Rule  1.  If  the  meridian  altitude  and  declina^ 
tion  are  of  the  same  denomination,  that  is,  both 
norA  or  both  souths  then  add  the  dsclination  and 
altitude  together,  and  subtract  that  sum  from  90 
degrees,  if  it  be  less,  and  the  remainder  will  be  the 
latitude,  but  of  a  contrary  name.  But  if  the  sum 
exceeds  90  degrees,  the  excess  will  be  tlie  latitude^ 
f  f  the  same  name  with  the  declination  and  altitude. 

EXAMPLES   FOR  FINDING  THE   LATTTUDE  BY  MEEI* 

DIONAL  OBSEaVATION.* 

£MMple  !•  Being  at  sea,  July^g,  1779)  the  me. 
ridian  altitude  of  the  sun*s  lower  limb  was  observed 
to  be  34^  1(/  N.  the  eye  of  the  obtorver  being  35 
feet  above  the  sea.  The  latitude  of  the  place  is  re* 
quired. 

■  >  . 

*  Nicbolson*!  NaTigator's  Aniitsal. 


1I£1IIDI0KAL  OMERVATIOK.  ^f 

Tlie  8un*8  declination  for  the  third  yenr*  Kfttr  lean 
year  on  July  89,  is  found  in  Table  III.  to  be  18^  40^ 
N.  the  dip  for  25  feet  elevation  in  five  mvnutes^  llitf 
refraction  for  34^  is  one  minute ;  therefore, 

Akiiude  of  Allies  lower  limb  84*  ICT  N* 
A4d  fcmi-diaineter        16 


S4  « 
Subtract  dip  and  refraction         S 


Correct  ahitade  S4  20 


Zenith  distance  or  ccnak.  $5  40 
Subtract  declination  18  46  N. 


latitude  86  54  S.  or  of  the  contrtry 
■  name  to  the  dedia. 

Example  2.  October  26,  1780^  8un*s  meridional 
altitude,  lower,  limb  62^00'  S.  required  the  latitude. 
Height  of  the  eye  30  feet. 

1780  is  leap  year,  and  the  sun*8  declination  in 
October  26,  is  IS'' 45"  S.  The  dip  for  30  feet  eleva** 
tion  is  six  minutes/  the  refraction  for  02°  is  4.  minute. 
Therefore, 

Sun's  apparent  alt.  L 1.  62^09"  & 
-f  ienii-diani.*-^p  and  refrac.         9^ 

Correct  ah.  62  I8| 

Zenith  dis.  27  41}  S. 
Sun%  dedination  12  45    S. 


fiMBvenca  is  be.  14  56V  N.  or  of  the  coatvarf 

■    III        nanet 

*  The  annual  course  of  the  seasons,  or  the  natural  jsar,  coa* 
sisting  of  nearly  865  days  six  hours,  and. the  current  yenr  baing[ 
reckoned  865  cnys,  it  b  evident  that  one  whole  day  would  be  loKI 
in  four  years  If  the  six  houtx  were  constantly  refected.  To  avoid 
this.inconvcDience,  which,  if  not  attended  to,  would  cause  the 
seasons  to  shift  in  process  of  time  throngh  all  the  months  of  tha 
year,  an  additional  ^y  is  added  to  the  month  of  February  every 
fourUi  year;  this  fourth  year  is  termed  leap  year,  and  is  finiod' 
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EjfampU  S.  Juti  7^  1776^  altitude  of  ran^s  lovrer 
Kmb  ftt  noon  87^  10'  S.  height  of  the  eye  30  feety 
leyiired  the  latitude. 

8itt*8  apparent  alL  I.  L  87""  10" 

-f  semi-^iaxiu— dip.        10  refraction  being  incon-r 

.1  iidfiiable. 

Correct  alt.  87  20 


Zenith  distance    2  40  S. 

Sun's  decUoat.  19  13  N. 


Sum  is  latitude  21  53  N. 


Example  A.  In  the  year. 1778,  July  30,  the  snn^s 
ineridiao  altitude  lower  limb  was  84^  1 O^  N.  required 
the  latitude^  the  height  of  the  eye  being  30  feet. 

SuniB  iqpparent  alt  1. 1.  W*  KT 

,  4-  aemi-diam.^-        10 


Correct  alt«  84*  90 


Zenith  dist.    5  40  N. 
Sun*8  declination  18  28  N. 


Diflference  is  lat  12  48  N. 


Example  5.  Being  at  sea  in  the  year  1777^  cToso 
weather  prevented  the  meridian  observation  of  the 
jBun>  but  the  night  proving  clear,  the  northermost  star 
in  the  square  of  the  constellation  of  the  Great  Bear 
was  observed  to  come  to  its  least  akitude  30^  10". 
Required  the  latitude ;  the  height  of  the  eye  being 
Mfeet. 

»  - 

by  dividing  the  year  of  our  Lord  by  4 ;  leap  year  leaves  no  re* 
v^ainder ;  other  years  are  called  the  first,  second,  or  third  y6ar' 
after  leap  year,  according  as  the  remainder  is  1 .  2,  or  3. 

The  Nautical  MmantKk,  Roberison^s  and  madcaps  Treatises 
dfi  Navigation^  contain  the  best  tables  of  the  ain's  declioation, 
Jkcte         . 
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Star's  altitude  apparent  S0°  10^ 
—  dip  and  refraction  6§ 

'Correct  altitude  30  03^ 
Siar'a  co-declinatum  27  03    N« 


999 


MMawi,* 


Sum  ia  latitude  £7  06}  N.  by  Prob.  IL 

Example  6.  Jane  ll,  1770,  the  dun*s  meridiaa 
altitude  of  the  upper  limb  below  the  pole  was  ob- 
aerved  to  be  2""  08'.  The  height  of  the  observer's  eye 
being  l6  feet ;  required  the  latitude. 

Sun's  apparent  altitude  upper  limb    2^  08' 
--  dip,  refraction,  and  semi-diam;        38 

Correct  alt*     1  30 
Sum's  decUn.  9S^  08"  N.  ite  comp.  66  52  N. 

Sum  is  latitude  68  22  N.* 


•  The  following  more  complete  example  is  from  Mackaj,  on 
ttie  loqgitude,  voL  1,  p.  316. 

Example.  June  21,  1812,  in  longitude  30^  W.  the  meridian 
altitude  of  the  moon's  lower  limb  was  81''  1^  N.  height  of  the 
eye  16  feet     Required  the  latitude  ? 

T.  pais  over  mcr.  Greenw.  =  Sb  38',    y$  dec  al  midni^t,         14oS4^  S. 
EquaOan,  table  XX.  +         4  £q.  to  time  from  mid.  2 

T.  pto  over  mer.  ihip,  9   4S  Redaced  dec. 

Time  pan  over  mer.  skip,        eb  43 
Lanf^itude  in  time,  8 


14  38  8. 
longttade. 


Redueed  time^ 


II  48 


Moon's  bor«  par.  S5^8S' 

Mood's  Semi-diameter  15    6 
Augmentation,         +        14 


^^  '  Aogmeated  lemi-dia.  IS  8Q 

Obtenred  alt.  moon's  lower  limb,  n  8P 16'  N. 
Avi^meoted  lemi-diameter 


Apparent  alt.  mooa^s  center 
Correetiflo,  table  IX. 

Tnie  altitude 
Zenftb  distance 
Beclioatioa 

l4UU«da 


+ 

16 
4 

81 

86  N. 

8 

81 

*    8 

14 

34  N. 
86  S. 
38  S. 

88 

68  S. 

(  <«)  ) 

TO  TAKE  THE  ALTITUDE  OF  THE  ICQOK  AT  SEA. 

The  enlightened  edge  of  the  moon^  or  that  edge 

This  problem  giireft  the  latitude  sufficientlr  correct  for  an  ordt- 
varyc^servation,  either  at  sea  or  on  land,  out  the  most  correct 
method,  either  for  latitude  or  time,  ia  by  equal  altitudes,  an  ex* 
ample /or  the  latitude  1  shall  here  insert ;  but  as  the  limit  of  this 
work  will  not  admit  the  several  examples  of  equal  altitudes  for 
time,  for  information  on  this  subject,  I  refer  the  reader  to 
Mackaif  on  th^  Longitude^  1809. 

The  reader  is  sup))Osed  to  be  somewhat  acquainted  with  the  use 
sClogftrithms*  y 

To  jind  latitude  op  efual  tUifmdes  and  elapud  time*  Given 
Itoo  equal  altitudes  of  the  sun,  observed  the  same  day  (not  more 
tlian  S(f  in  time  from,  noon)  with  the  interval  of  time  between 
the  observations.    Required  the  latitude. 

Rule.  To  the  loc.  .<»-tangent  of  sun's  declination,  add  the 
kg*  co-sine  of  half  tne'jnterv^  reduced  into  space,  the  sum  will 
be  the  log.  co-tangent  of  arch  the  first. 

To  the  log.  co-secant  Af  the  declination,  add  the  sine  of  tlie 
altitude  of  the  sun,  and  we  sine  of  arch  the  first,  the  sum  will  be 
the  co-sine  of  arch  the  second. 

Then  if  the  latitude  an^.  declination  are  of  the  same  name, 
the  sum  of  arches  first  and  second  will  be  the  latitude  ^  but  if 
of  contrary  names,  their  deference  will  be  the  latitude. 

Example.  In  ndrth  latitude  at  23h  Aff  m'\  and  at  Oh.  30"  45^^ 
per  watch,  the  altitude  of  sun^s  center  corrected  was  the  same.'^— 
Say  »  Se*  ir  4(r,  and  sun's  declination  was  V  58'  M'^,  sooth. 

lOh  4a'  «5"        Doable  alt.  =  7  P  58'  SO"  =  Oh  30'  45*' 
ta  Index  tti:.    +  a  55        0    IS  35 


ai3S5  72    545  44  20  =  IpteAal. 

30    2  52  22  10  =  4  Intenral. 

Smi-diun.  +        16    8  5  32'3lrlnipacc. 

30  19    0 
Refraction  —         1  20 


Alt.  0       =  Sf  17  40 

OdeclinatioiiPd^'Sl''  Co^anceot    1.40214  Cok«ec«rft  1.46239 

Half  interval    5  32  SO    Co-iioe         9.99797  Alt.  36  17  40  Sine  9.77228 

Archly    1  59'  7''       Co-lanacnt  11.46010  150   7  Sine  8.5396a 

Arch  2=  53  30  37  Cosine  53  3037=  9.77429 


51  31  30  =  Ut.  Kordk. 

.    K.6.  This  was  a  real  odservajipn  made  in  Bernard-street,  Rus* 
ael^isquare,  with  one  of  W.  Joners  best  10  inch  sextants.    Ebit* 
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which  is  round  and  T^ell  dcfitied,  xritist  be  brought  iri 
contact  with  the  horizon,  whether  it  be  the  upper  or 
under  edge ;  in  other  respects  the  same  method  is 
to  be  used  in  takihg  the  altitude  of  the  moon  as  was 
directed  for  the  sun 4  .    . 

Between  new  and  full  moons  the  enlightened  limb 
is  turned  towards  the  west ;  and  during  the  time 
from  the  full  to  the  new  moon^  the  enlightened 
limb  is  turned  towards  the  east. 

If  that  telescope,  which  shews  objects  inverted,  be 
used,  then  the  upper  edge  or  limb  of  the  moon  will 
appear  the  lower,  the  left  side  will  appear  the  right; 
and  the  contrary. 

The  wires  of  the  telescdpe  should  be  turned  pa* 
Ipallel  to  the  plante  of  the  instrument,  as  by  keepmg 
them  in  a  perpendicular  direction,  they  will  serve  at 
night  as  a  guide  for  holding  the  sextant  in  a  vertical 
position,  which  cannot  otherwise  at  that  time  be 
readily  ascertained. 

The  moon  is  generally  bright  enough  to  be  seetf 
bv  reflection  from  the  unsilvered  part  of  the  glasses; 
if  not,  the  telescope  must  be  removed  nearer  to  the 
plane  of  the  instrument. 

The  observed  altitude  of  the  mooh  requires  four 
corrections,  in  order  to  obtain  the  truQ  altitude  of 
her  centre  above  the  horizon. 

Correctidn  1 .  Fof  the  semi-diameter.  This  is  to 
be  found  in  the  Nautical  Almanack,  page  7j  of  eveiy 
month  for  every  noon  and  midnight  at  Greenwich. 
If  the  lower  limb  was  observed,  add  the  ^mi*dia'' 
meter  thus  found.  If  the  upper  limb  was  observed^ 
it  must  be  subtracted. 

Correction  2.  For  the  dip  of  the  horizon  to  b« 
subtracted. 

Correction  3*  Foic  refraction.  This  is  to  be  tuly 
tracted^ 

Correction  4.  The  mcKm^s  paraltax  in  attitude. 
This  is  to  be  added  in  the  oIli&etveKtialtitttde.    It  if 
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to  be  found  in  the  Requisite  Tables  to  the  Nautical 
Almanack. 


TO  DETERMINE  THE  LONGITUDE  AT  SEA,  BV  TAKi>*G 
THE  ANGULAR  DISTANCE  BETWEEN  THE  MOON  AND 
ANY   CEL8STIAL   OBJECT. 

The  latitude  is  obtained  at  sea  without  difficulty, 
and  with  as  much  accuracy  as  is  requisite  for  nauti- 
cal purposes ;  but  the  motion  of  the  earth  on  its  axis 
prevents  our  ascertaining  the  longitude  with  the 
same  facility ;  and  hence  it  is  that  most  methods  of 
determining  the  longitude  by  celestial  obsen^ation 
consists  in  discovering  the  difference  of  apparent 
time  between  the  two  places  under  consideration. 

The  angular  motion  of  the  moon  being  much 
greater  than  that  of  any  other  celestial  body,  the 
observation  of  its  place  is  much  better  adapted  to  dis- 
cover small  differences  of  time,  than  similar  obser^ 
vations  made  with  any  other  instrument.  The  only 
practical  method  of  observing  its  place  at  sea,  is  that 
of  measuring  the  angular  distance  between  it  and 
the  sun  or  a  fixed  star. 

GENEltAL   DIRECTIONS. 

llie  most  obscure,  or  rather,  the  least  luminous 
of  the  two  objects  must  be  viewed  directly,  and  th« 
other  must  be  brought  by  reflection  in  apparent  con- 
tact with  it. 

The  well*define4  image  of  the  moon  must  be  al- 
ways made  use  of  for  the  contact,  even  though  it 
tboald  be  necessary  for  that  purpose  to  make  the  re* 
fleeted  image  pass  beyond  the  other. 

In  the  night-time  it  is  necessary  to  turn  down  one 
or  more  of  tlie  green  screens,  to  take  off  the  glare  of 
the  moon,  which  would  otherwise  prevent  the  star 
from  being  .spen. 
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THE    SUN. 

The  central  distances  of  the  sun  and  moon  every 
three  hours  of  time,  at  Greenwich,  on  such  days  as 
this  method  is  practicable,  are  set  down  in  the  Nau- 
tical Almanack.  From  these  distances  you  arc  to 
compute  roughly  the  distance  between  their  nearest 
limbs  at"  the  time  of  observation. 

Mr.  Ludlam  says,  the  moon  should  be  viewed  di- 
rectly through  the  unsilvered  part  of  the  horizon 
glass,  but  the  sun  by  reflection  ;  and,  if  it  be  very 
bright,  from  the  unsilvered  part  of  the  glass. 

If  the  sun  be  to  the  left  hand  of  the  moon,  the 
sextant  must  be  held  with  its  face  downwards ;  but 
with  the  face  upwards,  if  the  sun  be  to  the  right 
hand  of  the  moon. 

Set  the  index  to  the  distance  of  the  nearest  limbs 
of  the  sun  and  moon,  computed  roughly  as  before ; 
and,  placing  the  face  of  the  sextant  agreeable  to  the 
foregoing  rules,  direct  the  telescope  to  the  moon,  put- 
ting the  sextant  into  such  a  position,  that  if  you  Jook 
edge- way sagai nst  it,  it  may  seem  to  form  a  line  pass- 
ing through  the  sun  and  moon,  a  circumstance  that 
can  be  only  obtained  by  practice,  the  parent  of  apt- 
ness ;■  then  give  the  sextant  a  sweep  or  swing  round 
a  line  parallel  to  the  axis  of  the  telescope,  and  the 
reflected  image  of  the  sun  will  pass  by  the  moon  to 
and  fro,  so  near  that  you  cannot  fail  of  seeing  it. 

The  nearest  edges,  or  limbs,  m>y  now  be  brought 
into  exact  contact,  by  moving  the  index,  and  then 
using  the  adjusting  screw;  obsemng,  first,  that  on 
giving  the  sextant  a  motion  round  the  axis  of  the  tele- 
scope, the  images  of  the  sun  and  moon  only  touch  at 
their  external  edgQs,  and  that  the  body  of  the  sun 
must  not  pass  over,  or  be  upon  the  body  of  the  moon. 
And,  secondly,  that  the  edge  of  the  sun  touch  the 
round  or  enlightened  edge  of  the  moon.    Then  will 
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the  index  point  out  the  obsenred  or  appareijt  distance 
of  the  nearest'  edges  of  the  sun  and  moon* 

But  the  observed  distance  requires  several  correc- 
tions>  before  the  true  distance  of  the  centres  of  the 
objects^  as  seen  from  the  centre  of  the  earthy  can  be 
found. 

Correction  1.  Is  Uie  sum,  or  their  semi-diameters, 
which  is  to  be  addied,  to  give  the  apparent  distance 
of  the  centres  of  the  sun  and  moon. 

The  semi-diameter  of  the  sun  for  every  sixth  day, 
and  of  the  moon  for  every  noon  and  midnight,  at 
Greenwich,  are  to  be  found  in  the  Nautical  Alma- 
nack.; from  these  their  semi-diameters  are  to  be  com- 
puted at  the  time  of  observation,  by  the  rules  to  be 
found  in  the  same  work. 

Correction  2.  Is  to  free  the  apparent  distance  of 
the  effect  of  refraction  and  parallax,  which  will  then 
be  the  true  distance  of  the  centres  of  the  sun  and 
moon,  as  seen  from  the  earth. 

For  this  purpose,  two  sets  of  tables,  Mtfa  direc- 
tions how  to  use  them,  are  to  be  found  among  the 
Requisite  Tables  to  the  Nautical  Almanack ;  being  a 
set  of  tables  pubHshed  for  that  purpose  by  the  Board 
of  Longitude.     8vo.  1802.  « 

TO   TAKE   THE    DISTANCE   BETWEEN  THE  MOON  AND 
/    SUCH   STARS  AS   ARE   SELECTBD   IN  THE  NAUTICAL 

ALMANACK,     FOR    THE   PURPOSE   OF   FINDING  THE 

LONGITUDE   AT   SEA. 

The  distance  of  these  stars  from  the  moon*s  cen- 
tre for  every  three  hours  at  Greenwich,  is  given  in 
the  Nautical  Almanack,  from  whence  their  distance 
from  the  enlightened  edge  may  be  roughly  com- 
puted as  before. 

The  star  must  be  viewed  directly ;  the  moon  is 
generally  bright  enough  to  be  seen  by  reflection  from 
the  unsilvered  part  of  the  glass ;  the  proper  shade 
to  take  off  the  glare  of  the  moon  is  soon  found. 
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When  the  star  is  to  the  left  hand  of  the  moon,  the 
sextant  must  be  held  with  its  face  upwards  ;  but  if 
the  star  be  to  the  right  hand  of  the  moon,  with  its 
&ce  downwards. 

Set  the  index  to  the  distance  roughly  computed, 
and  placing  the  face  of  the  octant  by  the  foregoing 
rules,  direct  the  telescope  to  the  star.  Then  place 
the  sextant  so  that,  if  seen  edge-ways,  it  may  seem 
to  form  a  line  passing  through  the  moon  and  star, 
and  give  it  a  sweep  round  a  line  parallel  to  the  axis 
of  the  telescope,  and  the  reflected  image  of  the  moon 
will  pass  so  near  by  the  star,  that  you  will  see  it  in  the 
field  of  the  telescope ;  a  proof  that  the  sight  is  dif- 
rected  to  the  right  star. 

The  enlightened  edge  of  the  moon,  whetlier  cast 
or  west,  must  then  be  brought  into  contact  with  the 
star,  by  moving  the  index.  To  know  whether  the 
contact  is  perfect,  let  the  quadrant  gently  vibrate  in 
a  line  parallel  to  the  axis  of  vision^  for  the  star  should 
just  graze  the  edge,  without  entering  at  all  within 
the  body  of  the  moon ;  when  this  is  the  case,  the  in- 
dex will  shew  the  apparent  distance  of  the  moon 
from  the  star^  which,  when  corrected,  gives  the 
true  one? 

Correction  l.  For  the  semi-diameter  of  the  moon^ 
This  may  be  found  in  the  Nautical  Almanack  for 
every  noon  and  midnight,  at  Greenwich ;  and  from 
thence  computed,  by  the  rules  there  given,  for  the 
time  of  observation.  If  tlie  observed  or  enlightened 
iimb  be  nearest  the  star,  the  semi-diameter  thus 
found  is  to  be  added ;  if  the  enlightened  edge  be 
the  furthest  from  the  star,  then  the  semi-diameter  is 
to  be  subtracted. 

Correction  2.  Is  for  refraction  and  parallax,  to  be 
found  from  the  table  as  directed  before  for  the  sun 
and  moon. 

These  corrections  being  properly  made,  you  have 
the  true  distance  of  the  moon's  centre  from  the  star, 
4s  seen  from  the  centre  of  the  earth.   From  this  dis- 
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tance,  and  ttie  time  of  .observation^  the  longitude 
may  be  found.* 

The  star  to  be  observed  is  always  one  of  the 
brightest,  and  lies  in  a  line  nearly  perpendicular  to 
the  horns  of  the  moon^  or  her  longer  axis;  but  if  you 
have  any  doubt  whether  the  eight  be  directed  to  the 
proper  star,  set  the  index  to  the  supposed  distance  as 
before^  hold  the  sextant  as  near  as  you  can  judge,  so 

*  The  longitude  of  a  place  can  be  veiy  exactly  obtained  by 
taking  observations,  with  the  sextant,  of  the  moon's  apparent 
distance  from  the  sun,  and  at  the  same  time  both  their  apparent 
altitudes.  The  following  are  the  most  perspicuous  rule  and  femi- 
'liar  example  for  the  working  of  a  lunar  observation,  in  order  to 
obtain  the  true  distance,  and  thereby,  with  tlie  distances  given  in 
the  Nautical  Almanack  for  every  three  hours,  ascertain  the  true 
longitude  of  the  place  of  observation. 

Rule*  To  the  log.  sine  of  the  moon's  horizontal  parallax,  add 
the  log.  sine  of  her  apparent  zenith  distance,  reject  IQ  in  the 
index  of  their  sum,  which  gives  the  lo^.  sine  of  her  parallax  in 
altitude ;  from  this  subtract  her  refraction  which  will  give  a  cor- 
rection to  be  subtracted  from  her  apparent  zenHh  distance,  to 
give  her  true  zenith  distance.  \  < 

From  the  sun's  refraction,  subtract  his  parallax  adding  the  re- 
ma'inder  to  his  apparent  zenith  distance,  which  will  give  his  true 
zenith  distance. 

Add  the  apparent  lunar  distance  to  the  apparent  zenith  dis- 
tances ;  and  subtract  each  of  the  two  latter  from  the  half  sum^ 
noting  the  remainders. 

Add  the  log.  sines  of  these  two  remainders,  to  the  ar-co-arca 
of  the  log.  sines  of  the  apparent  zenith  distances  and  the  log. 
sines  of  the  true  zenith  distances.  .      - '  S, . 

From  half  the  sum  of  these  £ix  logarithms  subtract  the  log. 
sine  of  half  the  difference  of  the  true  zenith  distances,  and  the 
remainder  is  the  tangent  of  an  arc. 

Subtract  the  log.  sine  of  this  arc  from  the  above  hairmidi^  and 
the  remaioder  gives  the  log.  sine  :of  half  the  true  distance. 

In  the  Nautical  Almanack,  as  the  lunar  distances  are  only 
given  for  every  three  Hours,  the  corresponding  time,  for  any  dis- 
tance between  these,  must  be  found  by  proportional  parts.  The 
observer  is  supposed  to  know,  by  his  watch  or  chronometer,-  the 
apparent  time,  exactly,  at  the  place,  or,  for  example^  having, pre- 
viously adjusted  the  chronometer  to  apparent  time,  by  double  alti- 
tudes of  the  sun,  and  by  a  mean  ot  three  several  observations 
of  the  distance  and  altitudes  of  the  sun  and  moon,  having  the 
following  results,  the  truejiongitude  of  the  place  of  obienratioa 
is  required  from  Greenwicn. 
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that  its  plane,  seen  edge^wayl;,  may  coincide  with  the 
line  of  the  moon^s  shorter  axis,  and  moving  it  in 

On  June  1,  1815,  in  iatitude  2(r  north,  at  20h  5' 20"  per 
chronometer  apparent  time,  sujppose  observed  as  follows : 

Mood's  apparent  altitude,  lower  limb  1(P  5'   0">  ,^^090'  9Vf 

+  semi-diameter        15  21   p*'  »^  ** 

Bud's  apparent  altitude,  lower  limb. .  85°  IC   0"?  35035'  47" 

4- semi-diameter. .        15  47  ) 

Apparent  distance  of  nearest  limbs. .  64°  IS*  35"  1  ^043'  43" 
•f  semi-diameter,  sun  and  moon. .        31    8  J 

Moon^B  horizontal  parallax  O^" 55'  35" 

Moon's  horizontal  parallax  ....    0°  55'  35"      Sine  8.2086S4 

Moon's  apparent  zenith  distance  10  39  39         Sine  9,5269dS 

Moon's  parallax  in  altitude....   0  IS  48  ^     " 

Sub.  hrr  refraction  21    Sine  =  7.735557 


Moon's  correction  add 0  18  21  =  true  altitude  70^  38'  42" 

Sun's  correctioM  for  parallax  >  1  15  ~  true  altitude  35  24  SS 

and  refraction  5     ' 

Appar,dist.    S404S'43"  ? 

^'sap.zen.d.  19  89  39         Ar.  co-sine  0.47307 T 
Sun's    ditto    54  34  13  Ar.  co-sine  0.088935 

Sine  49  49     8  9.88.3098 

138  57  35    Sine  14  54  34  9.41042S, 
-~— -     Sine    moon's) 
«ft  99  4T  -  69  28  47     true  zenith     >  9.520379 
19  39  39-  64  34  13    dis.  19  21  18) 
•  ^.  .    Sine  sun's       ) 

49  49    8      14  54  34    4rue  zenith     >  9.911178 

dis.  54  35  28) 


S9.287093 


Differeucc  of  sun's  and  >  ,.  , ,  .^         19.643546 19  643546 

moon's  true  zcn.dis.S  ^  "  *"  Sine  55  28  56      9.915900 

^__,  Sine  9.480970  •    ■ 

17  37    5 32^17'   5"  Sine  9.7276146 

XsvceiU  55^28' 56":;;:  10.162576  2 

64  34  11  =:  true  dist.  of 
sun  and  moon«. 
To  find  (he  longitude. 

True  distance  as  foand =:64'534'  11"  A. 

Distance  Naot.  Rphe.  June  2,  noon  =  64  45  87    B. 
Ditto.  Ditt«.        3  hour....  =63  18  57    C. 

Time  at  Greenw.  24h23'  45"  B  -  A=  J  diff.  0"  1 1'  26"  Prop.  log.  1.1971 
Pilto  at  place  . .  20     5  20    B  -  C=  2  diff.  1   26.  40    Prop.  log.     3174 


OhSS'  45"  =  0.8707 


UiigUiade   4  IS  25  Wett»   oood  or  24 


24  23  45z:app.  t.  at  Greenw^ 

Edit. 
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that  plane,  seek  the  reflected  image  of  the  moon 
through  the  telescope.  Having  found  the  reflected 
image  of  the  moon,  turn  the  sextant  round  the  inci- 
dent ray,  that  is,  a  line  passing  from  the  moon  to  the 
instruniciit,  and  you  will  perceive  through  the  tele- 
scope all  those  stars  which  have  the  distance  shewi^ 
by  the  index  ;  but  the  star  to  be  observed  lies  in  a 
line  nearly  perpendicular  to  the  horns  of  tlie  moon, 
there  will,  therefore,  be  no  fear  of  mistaking  it.* 

Forthe requisite  pronopiitude  in  taking  lunardbtancesya  correct 
observer  for  the  distance,  and  two  assistants  for  the  altitudes,  are 
nert'ssarv.  but  a  single  observer  may  perform  it  with  a  consider- 
able di-^ree  c\  accuracy  in  the  following  manner,  a^  givea  by 
Mr.  /'/>..  f  r.i  his  P /■  a c deal  Astronomy ,  1790,  note  page  56.  "  Let 
him  firs»t  take  the  altitude  of  the  moon  and  then  of  the  sun  or 
star,  his  assistant  noting  the  times ;  then  let  him  take  several  dis- 
tances of  the  moon  from  the  sun  or  star  at  1  or  2  minutes  distance 
of  time  from  each  other,  and  note  the  times ;  and  lastly  let  him 
again  take  the  altitude  of  the  moon,  and  then  of  the  sun  pr  star, 
noting  the  times.  Then  take  the  mean  of  all  the  distances,  and 
tha  mean  of  the  times 'when  they  were  taken,  and  you  have  the 
tnoon's  distance  from  the  sun  or  8ta|r  at  that  mean  time.  Take 
the  difference  of  the  nr)Oon?6  altitudes  at  the  two  observations  and 
ihe  difiercnce  of  their  times,  and  th^n  say,  as  that  difiercnce  of 
times,  is  to  the  diiference  between  the  time  of  the  first  observa- 
tion of  her  altitude,  and  the  mean  of  the  times  at  which  the  dis- 
tances were  taken,  so  is  the  variation  of  the  moon's  altitude  b<e- 
iwcen  the  Ist  and  2d  observations,  to  tlievariationof  her  altitude 
firom  the  time  of  the  first  observation  to  the  above  mean  time, 
which  added  to,  or  subtracted  from,  her  first  observed  altitude, 
accprAing  ris  i\ie  ascends  or  descends,  gives  her  ^Ititpde  at  that 
mean  tiiuc'  In  the  same  mapiier  you  may  get  the  sun's  or  star's 
altitude  ut  the  same  time.  Tl^us  you  may  g^t  tbe  two  altitudes 
and  cor r  l  sponding  distance . '' 

'  *  rhe  sextant  being  principally  used  in  obsenratidns  of  bodies 
not  on  the  mt^^ridian,  nna  more  particularly  for  measuring  the  dis- 
^cps  of  comets,  planets.  Sec.  from  two  hxed  stars,  f|:oni  which 
data  their  accurate  positions  are  afterwards  computed ;  but 
fc'Vaction  opperating  m  a  verUcal  directieii,  the  distances  mea- 
sured by  the  sextant  can  never  be  the  true  ones,  because  the 
j^wo  bodies  beinp  elevated  by  refraction,  will  appear  nearer  to  one 
another  than  they  really  are,  anu  ti.is  not  being  exemplified  by 
^y  a^tro^oipical  writers,  I  sh^Il  here  give  the  following  rule  for 
correcting  the  observed  distances  of  two  bodies,  neither  of  them 
being  nfibctecl  bv  parallax,  as  given  by  Dr.  Maskelyne. 

Add  together  the  tangents  of  half  the  sum  and  half  the  differ- 
ence of  the  zenith  distances,  their  sum,  abating  10  from  the  iadex, 
is  the  tangent  of  arc  iheJirsU  - 
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The  basis  of  all  astronomical  observation  is  the 

To  the  tangent  of  arc  the  first  add  the  co-tangent  of  half  the 
distance  of  the  observed  bodies,  the  sum,  abating  10  from  the 
index,  is  the  tangent  of  arc  the  secoruL 

Then  add  together  the  tangent  of  dotthk  thefttt  arc^  the  co- 
secant of  double  the  second  arcy  and  the  coostant  log.  2.05690. 
The  sum  of  these  three,  abating  20  from  the  ind^,  is  the  log.  of 
the  number  of  seconds  required  by  which* the  observed  distance 
of  the  two  bodies  is  contracted  by  the  effect  of  refraction,  which 
;therefore  added  to  the  observed  distance,  gives  the  true  distance 
cleared  from  refraction. 

Example.    Nov.  3,  1812,  the  apparent  distance  of  Lyra  and  m 

Aquils  as  measured  by  the  sextant. 

.  34013/3©// 

34  14  0 
34  14  0 
34  13  49 
34  13  15 

171     8  30 

34  IS  42  . 

Index  error  —         8  44 


Apparent  dittanre  34  10  58  per  sextant. 
At  same  time  took  the  altitudes  of  the  two  stan,  which,  after  applying  ihe 
proper  corrections,  ga-ve  zen.  dis.  Lyra  =; 49^  2  30^  11®  0  30 
^  sen.  dist.  Aqutlla  z=  GO     3    0> 

>    5  30  15Adili: 

100    5  30 
o    '    u  i  sum  =:   64  32  46 

Tan.isvni54  32  46=  10J4747 
Tan.idiflV  5  30 15=  8.98S91  Obs.  dis.  34  10  58 

Tangentr:  9.13138=  7*42'  28"  =  arc  first  J  =  17    6  20 

Tang.  =  9.64'S57=s23«  4i'   0"  =  arc  second 
Arc  first....  7^42' 28'M 


8   1  ( 

>  Tangent  :=  9.44060 


Pouble. ...  1 5  24  56    )  Ob.  dis.  per  sex.  34*'  1 0'  58" 

■         J  Cor.  as  found  below  +"  42.66 

Arc  second  23  45    0^  

2  True  distance  34  11  40.63 

^Co-secant=10.132S7 


Poable. ...  47  30    0 


ConsUnt  log 2.05600 

Required  correction  =   1.68977  =  42"  63. 

N.  B.  By  computation  from  the  tabulated  situations  of  these 
two  stars,  the  real  distance  comes  out  s=  34^  IV  42"',  being  an 
prror  of  only  T'.S?.  Edit. 
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determination  of  the  exact  time  of  any  appearance 
in  the  heavens.  By  corresponding  altitudes  this  time 
may  be  determined,  without  the  apparatus  of  a  fixed 
observatory;  they  are  also'useful  in  finding  a  meri- 
dian line,  and  may  be  easily  and  accurately  made  by 
a  sextant. 

For  these  observations  it  is  necessary  to  be  provid- 
ied  with  a  clock.  These  altitudes  should  be  ob- 
served, in  our  latitude,  at  least  two  hours  distant 
from  noon.  The  best  time  is  when  the  sun  is  on 
or  near  the  prime  vertical,  that  is,  the  east  or  west 
points  of  the  compass. 

About  these  times  in  the  forenoon,  take  several 
double  altitudes  of  the  sun,  writedown  the  degrees, 
minutes,  and  seconds  shewn  on  the  arc,  and  ajso  the 
exact  time  shewn  by  the  clock  at  each  observation  ; 
and  let  the  different  observations  made  in  the  fore- 
noon be  written  one  below  the  other  in  the  order  they 
are  made. 

In  the  afternoon,  set  the  index  to  the  same  de- 
gree and  minute  as  the  last  morning  observation ; 
note  very  exactly  the  time  shewn  by  the  clock  when 
the  sun  is  come  down  to  the  same  altitude,  and  write 
down  the  time  on  the  right  hand  of  the  last  morn- 
ing observation  ;  proceed  in  the  same  manner  to  find 
the  time  by  the  clock  of  all  the  altitudes  correspond- 
ing to  those  taken  in  the  morning,  and  write  down 
each  opposite  to  that  moriiing  one  to  which  it  cor- 
responds. 

Take  now  the  first  pair  of  corresponding  altitudes, 
add  them  together,  and  to  half  their  sum  add  six 
hours  ;  this  being  corrected  for  the  change  of  the 
yun's  declination  between  the  morning  and  evening 
observations,  you  will  have  the  time  of  solar  noon 
derived  from  this  pair  of  observations.  Do  the  same 
for  each  pair,  and  take  the  mean  of  the  times  thus 
found  from  each  pair,  and  you  will  have  the  exact 
time  shewn  by  the  clock  at  solar  noon. 

The  time  by  the  clock  of  solar  or  apparent  noou 
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being  thus  obtained^  the  time  of  mean  noon  may  be 
had  by  applying  the  'proper  equation  of  time. 

Or  thus.  Add  12  hours  to  the  time  of  the  after- 
noon observation,  ivom  which  subtract  the  time  of 
the  £brenoon  one,"*^  and  add  half  the  difference  to 
the  time  of  the  forenoon  OT  morning^  observation; 
this  will  give  thp  tiil^e  of  apparent  njoon  nearly, 
'  Having  this  time  nearly,  it  must  be  corrected  by 
the  table  of  equations  for  equal  altittides,  on  account 
of  the  sun's  change  in  declination,  iji  the  interval 
between  the  observations;  and. you  must  also  apply 
the  equation  of  time  found  in  the  Nautical  AlmanacK 
with  contrary  signs,  subtracting  when  it  is  +>  and 
adding  when  it  is  — . 

£xampie.    £qaa|  altitudes;  tflwn  June  I iS2. 
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As  the  seconds  differ  add  them  together,     15 
and  divide  the  sum  by  3,  by  which  you  obtain     j|| 
a  mean,  


3)42C14 


*  This  gives  the  whole  interval  between  the  observations,  to 
which,  if  your  clock  is  known  to  vary  much  in  that  time,  you 
mu^t  add  the  clock's  loss,  or  subtract  its  gain,  during  that  inter- 
valy  and  half  this  corrected  (if  necessary)  interval  must  be  added 
to  the  time  pf  forenoon^  &c» 
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h.     Ok     8. 

Tlierefbie,  12    2    U         die  mean. 

0    0      0      8  equation  for  six  hoixrs. 

IS    2    1«      S 

1    55      1  equation  of.  time  sub. 

12    0    19      7  clo^  near  SO^  too  fast  for 
■  equal  time. 

Tar  ticajff9LUTaUes  of  Equations  to  EqtuJ  AUitudes,  and  the 
Method  ^ fining  ike  Longitude  at  Sea  by  Time-keepers^  I  refer 
the  reader  to  Mr.  WdlefiyBxaplAex,    8to.  1794*. 

Those  who  wish  to  obtam  further  and  complete  informadon  on 
the  preceding  subjects,  miit  consult  Mackay  on  the  LongUudet 
1809. 


MEUDIOKAL  PROBLEMS  BY  THE   STARS^  AND  VARIA- 
TION OF  THE  MAGNETIC  NEEDLE  BY  THE  SUN.* 

To  Jix  a  meridian  line  by  a  star,  when  it  can  be 
seen  at  its  greatest  elongation  on  each  side  of  the 
pole* 

Provide  two  plummets.  Let  one  hang  from  a 
fixed  point ;  let  the  other  hang  over  a  rod^  sup- 
ported horizontally  about  six  or  eight  feet  above  the 
ground^  or  floor  in  a  house^  and  so  as  to  slide  occa- 
sionally along  the  rod ;  let  the  moveable  plummet 
bang  lour  or  five  feet  northward  of  the  fixed  one. 
Sometime  before  the  star  is  at  its  greatest  elongation^ 
follow  it  in  its  motion  with  the  moveable  plummet, 
so  as  a  person  a  little  behind  the  fixed  plummet  may 
always  see  both  in  one,  and  just  touching  the  star. 
When  the  star  becomes  stationary,  or  moves  not 
beyond  the  moveable  plummet,  set  up  a  light  on  a 
staff,  by  signals,  about  half  a  mile  ofl^,  precisely  in  tlie 
direction  of, both  the  plummets.  Near  12  hours 
afterwards,  when  the  star  comes  towards  its  greatest 
elongation  on  the  other  side  of  the  pole,  with  youv 

*  Mackenzie's  Maritime  Surveying,  p.  47. 


MERIDIONAL   PROBLEMS,  413 

eye  a  foot  or  two  behind  the  fixed  plummet,  follow  it 
with  the  moveable  plummet,  till  you  perceive  it 
stationary  as  before :  mark  the  direction  of  the  plum- 
mets then  by  a  light  put  up  precisely  in  that  line : 
take  the  angle  between  the  placet  of  the  two  lights 
with  HadU\f%  quadrant,  or  a  good  theodolite;  the 
centre  of  the  instrument  at  the  fixed  plummet,  and 
a  pole  set  up  in  day-light,  biseeting  that  angle, 
will  be  exactly  in  the  meridian  seen  from  the  fixed 
plummet. 

This  observation  will  be  more  accurate  if  the  eye  be 
steadied  by  viewing  the  plumb-lines  and  star  through 
a  small  slit  in  a  plate  ot  brass  stuck  upright  on  a 
stool,  or  on  the  top  of  a  chair-back. 

This  problem  depends  on  no  former  observations 
whatever ;  and,  as  there  is  nothing  in  the  operation, 
or  instruments,  to  affect  its  accuracy,  but  what  any 
one  may  easily  guard  against,  it  may  be  reckoned 
the  surest  foundation  for  all  subsequent  celestial 
observations  that  require  an  exact  meridian  line.  The 
only  disadvantage  is^  that  it  cannot  be  performed 
but  in  winter,  and  when  the  stars  may  be  seen  for 
1 2  hours  together  ;  which  requires  the  night  to  be 
about  1 5  hours  long. 

To  fix  a  meridian  line  by  two  circumpolar  stars 
that  have  the  same  right  ascension,  or  differ  pre-- 
cisely  180  degrees* 

Fix  on  two  stars  that  do  not  set,  and  whose  right 
ascensions  are  the  same,  or  exactly  1 80  degrees  dif- 
ferent; take  them  in  the  same  vertical  circle  by  a 
plumb-line ;  and  at  the  same  time  let  a  light  be  set 
up  in  that  direction^  half  a  mile,  or  a  mile  off,  and 
the  light  and  plummet  will  be  exactly  in  the  me- 
ridian. 

In  order  to  place  a  distant  light  exactly  in  the 
direction  of  the  plumb-line  and  stars,  proceed  in  the 
following  manner.  Any  night  before  the  observa- 
tion is  to  be  made,  when  the  two  stars  appear  to  the 
eye  to  be  in  a  vertical  position,  set  up  a  staff  in  the 
place  near  which  you  would  have  the  plummet  to 


\* 


414  MERIDIOXAL  PROBLfiMS* 

hang ;  and  placing  your  eye  at  the  staff,  direct  an 
assistant  to  set  another  staff  upright  in  the  ground, 
30  or  40  yards  off,  as  near  in  a  line  wi^  the  stars  as 
you  can.  Next  day  set  the  two  staffs  in  the  same 
places ;  and  in  their  direction  at  the  distance  of  about 
a  mile,  or  half  a  mile  northward,  cut  a  small  hole  in 
the  ground,  for  the  place  where  the  light  is  to  stand 
at  night;  and  mark  the  hole  so,  that  a  person  sent 
there  at  night  may  find  it. 

Then  choose  a  calm  night,  if  the  observation  is  to 
be  made  without  doors  ;  if  it  is  moon-light,  so  much 
the  better,  and  half  an  hour  before  the  stars  appear 
near  the  same  vertical,  have  a  lighted  lanthorn  ready 
tied  to  the  top  of  a  pote,  and  set  upright  in  the  distant 
hole  marked  for  it  the  night  before ;  and  the  light 
will  then  be  very  near  the  meridian,  seen  from  the 

{>Iace  marked  for  the  plummet.  At  the  same  time, 
et  anotJier  pole,  or  rod,  six  or  eight  feet  long,  be 
supported  horizontally  where  the  plummet  is  to  hang, 
six  or  seven  feet  from  the  ground,  and  hang  the 
plumb-line  over  it,  so  as  to  slip  easily  along  it,  either 
to  one  hand  or  the  other,  as  there  may  be  occasion, 
or  tie  a  staff  firmly  across  the  top  of  a  pole,  six  or 
seven  feet  long;  fix  the  pole  in  the  ground,  and 
make  the  plumb-line  hang  over  the  cross  staff.  Let 
the  weight  at  the  end  of  the  line  be  pretty  heavy, 
and  swing  in  a  tub  of  water,  so  that  it  may  not 
shake  by  a  small  motion  of  the  air.  Then  shift  the 
plumb-line  to  one  hand  or  the  other,  till  one  side  of 
the  line,  when  at  rest,  cut  the  star  which  is  nearest 
the  pole  of  the  world,  and  the  middle  of  the  light 
together :  as  that  star  moves,  continue  moving  the 
plumb-line  along  the  rod,  so  as  to  keep  it  always 
on  the  light  and  star,  till  the  other  star  comes  to  the 
same  side  of  the  plumb-line  also;  and  then  the  plum- 
met and  light  will  be  exactly  in  the  meridian. 

There  are  not  two  remarkable  stars  near  the  north 
pole,  with  the  same  right  ascension  precisely,  or  just 
a  #emi-circle's  difference :  but  there  are  three  stars 
that  are  very  nearly  so,  mz.  the  pole  star,  t  in  Ursa- 
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Major^  and  y  in  Casiopeia.  If  either  of  the  two  last, 
particularly  t^  are  taken  in  the  same  vertical  with  the 
pole  star,  they  will  then  be  so  very  near  tlie  meridian, 
that  no  greater  exactness  need  be  desired  for  any 
purpose  in  surveying.  At  London  y  is  about  1'  west 
of  the  meridian  then  ;  and  i  much  nearer  it,  on  the 
west  side  likewise.  Stars  towards  the  S,  pole  proper 
for  this  observation  are,  y,  in  the  head  of  the  Crass; 
«,  in  the  foot  of  the  Cross;  and  a,^  in  the  head  of 
the  Phenix. 

To  Jind  a  vicridian  line  bif  a  circumpolar  star, 
wheii  it  is  at  its  greatest  azimuth  from  the  pole.  By 
a  circumpolar  star  is  here  meant,  a  star  whose  dis- 
tance from  the  pole  is  less  than  either  the  latitude^ 
or  colatitude  of  the  place  of  observation. 

1 .  Find  the  latitude  of  the  place  in  which  you  are 
to  observe  the  star. 

2.  Fix  on  a  star  whose  declination  is  known,  and 
calculate  its  greatest  azimuth  from  the  north  or 
elevated  pole. 

3.  Find  at  what  time  it  will  be  on  the  meridian 
the  afternoon  you  are  to  observe,  so  as  to  judge  about 
what  time  to  begin  the  obsei-vation. 

A*  Prepare  two  plummets,  and  follow  the  star  with 
one  of  them,  as  directed  in  page  412,  until  the  star 
is  stationary ;  then  set  up  a  light  half  a  mile,  or  a 
mile  off,  in  the  direction  of  the  plumb-line  and  star^ 
and  mark  the  place  of  the  light  in  the  ground,  and 
also  of  the  plumb4ine. 

5.  Next  day  set  up  a  pole  where  the  light  stood, 
with  a  flag  flying  at  it;  then  with  a  theodolite,^  or 
Hadleys  quadrant,  set  the  index  to  the  dqgrec  and 
minute  of  the  star's  azimuth  from  the  nor^th,  found 
before;  direct,  by  waving  to  one  hapd  or  the  other, 
an  assistant  to  set  up  a  staff  on  the  same  side  of  the 
pole  with  a  flag,  as  the  pole  of  the.workl  wbls  from, 
it,  so  as  at  the  plumb-line  these  twO  lines  may^ 
make  an  angle  equal  to  the  azimuth  of  tbe  stjifi. 
and  the  plumb-line  and  stafl^  will  then  be  in  t^ 
meridian. 
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When  any  star  is  descending,  it  is  on  the  west 
side  of  the  jx)le  of  the  world ;  while  it  ascends,  it  is 
on  the  cast-side  of  it. 

The  pole  of  the  world  is  always  between  the  pole 
star  and  Ursa-Major :  so  that  when  Ursa-Major  is 
W.  or  E.  of  the  pole  star,  the  pole  of  the  world  is  W. 
or  E..of  it  likewise. 

To  find  the  greatest  azimuth  of  a  circumpolar  star 
from  the  meridian,  use  the  following  proportion. 

As  co-sinc  of  the  lat.  :  R  ::  S.  of  the  star  s  dis- 
tance from  the  pole  :  S.  of  its  greatest  azimuth. 

The  greatest  azimuth  is  when  the  star  is  above  the 
horizontal  diameter  of  its  diurnal  circle. 

On  the  N.  side  of  the  equator,  the  pole  star  is  the 
most  convenient  for  this  observation ;  for  the  time 
when  it  is  at  its  greatest  elongation  from  the  {x>ley 
may  be  known  sufficiently  near  by  the  eye,  by  ob- 
serving when  f,  in  Ursa-Major,  and  y,  in  Casiopeia^ 
appear  to  be  in  a  horizontal  line,  or  parallel  to  the 
horizon  ;  for  that  is  nearly  the  time.  Or,  the  time 
may  be  found  more  precisely  by  making  fast  a  small 
piece  of  wood  along  the  plumfah-Iine  when  extended, 
with  a  cross  piece  at  right  angles  to  the  top  of  the 
upright  piece,  like  the  letter  T ;  when  the  plummet 
is  at  rest,  and  both  stars  are  se^n  touching  the  upper 
edge  of  the  cross  piece,  then  they  are  both  horizon- 
tal. It  is  another  conveniency  in  making  use  of  this 
star,  that  it  changes  its  azimuth  much  slower  than 
other  stars,  and  therefore  affords  more  time  to  take 
its  direction  exact. 

On  the  south  side  of  the  equator,  the  head  of  the 
cross  is  the  most  convenient  for  this  observation, 
being  nearest  to  the  S.  pole;  and  the  time  of  its 
coming  to  the  horizontal  diameter  of  the  diurna! 
circle,  when  it  appears  in  a  horizontal  line  with  the 
foot  of  the  cross,  or  the  head  of  the  Phenix ;  and  at 
the  equator  its  greater  azimuth  is  one  hour  l6  mi- 
nutes before  or  after  that,  as  it  is  E.  or  W.  of  the 
meridian.  The  pole  of  the  world  is  between  the 
head  of  the  Cross  and  the  last  of  these  stars*. 
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To  find  when  any  star  will  come  to  the  meridian 
either  in  the  south  or  north.  Find  the  star's  right 
ascension^  in  time^  from  the  most  correct  tables^  also 
the  8un*s  right  ascension  for  the  day  and  place  pro- 
posed ;  their  difference  will  shew  the  difference  be- 
>4ween  their  times  of  coming  on  the  meridian  in  th^ 
souths  or  between  the  pole  and  zenith  which  will  be 
after  noon  if  the  sun's  right  ascension  is  least,  but 
before  noon  if  greatest.  Eleven  hours  58  minutes 
after  the  star  has  been  on  the  meridian  above  the 
•  pole^  it  will  come  to  the  meridian  north  of  it^  or 
below  the  pole. 

Given  the  latitude  of  the  place,  and  the  declina'^ 
tions  and  right  ascensions  of  two  stars  in  the  same 
vertical  line,  to  find  the  horizontal  distance  of  that 
vertical  from  the  meridian,  the  time  one  of  the 
stars  will  take  to  come  from  the  vertical  to  the 
meridian,  and  the  precise  time  of  the  observation. 

Case  i .  fFhen  the  two  stars  are  northward  of 
the  zenith,  plate  16,  fig.  4. 

Let  Z  P  O  be  a  meridian,  Z  the  place  of  obser* 
vation,  H  O  its  horizon^  and  Z  V  a  verticle  circle 
passing  through  two  known  stai*s,  s  and  S ;  P  the 
pole,  £  Q  the  equator,  P  s  D  and  P  8  d  circles  of 
declination,  or  right  ascension,  passing  through  these- 
stars ;  then  is  Z  P  the  co-latitude  of  the  place,  P  s 
and  P  S  the  co-declination  of  the  two  stars  respec- 
tively, and  the  angle  s  P  S  the  nearest  distance  of 
their  circles  of  right  ascension ;  V  O  the  arc  of  the 
horizon  between  the  vertical  circle  and  the  meridian; 
and  d  Q  the  arc  of  th>s  equator  between  the  star  S 
and  the  meridian.  When  in  the  triangle  P  Z  s,  the 
angles  P  Z  s  and  s  P  Z,  measured  by  the  arcs  V  O 
and  D  E,  are  found,  the  problem  is  solved. 

Solution  I .  Begin  with  the  oblique-angled  tri^ 
angle  P  s  S,  in  which  are  given  two  sides  P  s  and 
F  S,  the  co^declinations  of  the  two  stars  respectively,* 
and  the  included  angle  S  P  s ;  which  angle  is  the  dif^ 
ierence  of  their  right  ascensions  when  it  is  iess  thaa 

a  £ 
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180  degrees  ;  but  if  their  difference  is  more  tkin  180 
degi*ees,  then  the  angle  S  P  s  is  equal  to  the  lesser 
right  ascension  added  to  what  the  greater  wants  of 
360  degrees.  From  hence  find  the  angle  S  s  P  by 
the  following  proportions : 

As  radius  is  to  the  co^sine  of  the  given  angle 
S  P  s,  so  is  the  tan.  of  the  side  opposite  the  required 
angle  P  s,  to  the  tangent  of  an  angle,  which  call  M. 

M  is  like  the  side  opposite  the  angle  sought,  if  the 
given  angle  is  acute;  but  unlike  that  side,  if  the 
given  angle  is  obtuse.  "*(' 

Take  the  difference  between  the  side  P  S,  adjacent 
to  the  required  angle,  and  M  ;  call  it  N.     Then, 

Sine  N  :  sine  M  ::  tan;  of  the  given  angle  S  P  s 
:  tan,  of  the  required  angle  S  s  P,  which  is  like  the 
given  angle,  if  M  is  less  than  the  side  P  S  a^acent 
to  the  required  angle ;  but  unlike  the  given  angle, 
if  M  is  greater  than  P  S. 

2.  Next  in  the  obUque-angled  triangle  P  s  Z  there 
are  given  two  sides,  P  Z,  the  co-latitude  of  the  place 
of  observation ;  P  S,  the  cordecli nation  of  the  stars; 
and  the  angle  P  s  Z  opposite  to  one  of  them,  which 
is  the  supplement  of  P  s  S,  last  found  to  180^:  from 
thence  find  the  angle  P  Z  s  opposite  the  otjber  side, 
by  the  following  proportion :  / 

Sine  of  P  Z  :  sine  P  s  Z  ::  sine  P  s  :  P  Z  s,  either 
acute  or  obtuse. 

This  angle  P  Z  s,  measured  by  the  arc  of  the  hori- 
zon VO,  is  therefore  equal  to  the  horizontal  disr 
tance  of  the  vertical  of  the  two  stars  from  the  meri- 
dian. Let  the  direction  of  the  vertical  be  taken  by  a 
plumb-line  and  distant  light,  as  before  directed,  or  by 
twp  plumb-lines,  and  marked  on  the  ground.  Next 
day,  the  degrees  and  minutes  in  the  arc  V  O,  may 

*  Two  arcs  or  angles  are  said  to  be  like,  or  of  the  same  kind, 
when  both  are  less  than  90%  or  both  more  than  90^;  but  are  said 
to  be  unlike,  when  one  is  greater,  and  the  other  lew  than  90"*;  and 
are  made  like,  or  unlike  to  another,  by  taking  the  supplement  to 
180^  degrees  of  the  arc,  or  angle,  produced  in  like  proportion, 
in  place  of  what  the  proportion  brings  out  . 
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be  added  to  it  by  Hadleys  quadrant,  and  a  pole  set 
up  there,  which  will  be  in  the  direction  of  the  meri- 
dian from  the  plumb-line. 

3.,  Last,  in  the  same  triangle  P  s  Z  iind  the  angle 
8  f  Z  between  the  given  sides,  by  the  following  pro- 
por};ions : 

As  radius  is  to  the  tan.  of  the  given  angle  P  s  Z, 
so  is  the  co-sine  of  the  adjacent  side  P  S,  to  the 
co-tan.  of  M. 

M  is  acute,  if  the  given  angle  and'  its  adjacent 
sides  are  like ;  but  obtuse,  if  the  given  angle  and 
the  adjacent  sides  are  unlike. 

As  the  co*t.  of  the  side  adjacent  to  the  givea 
angle  P  s,  is  to^  the  co-t.  of  the  other  side  P  Z ;  so 
is  the  co-s.  M,  to  the  co-s.  of  an  angle,  which 
callN. 

N  is  like  the  side  opposite  the  given  angle,  if  that 
angle  is  acute;  but  unlike  the.  side  opposite  the 
given  angle,  if  that  angle  is  obtuse. 

Then  the  required  angle  s  P  Z  is  either  equal  to 
the  sum  or  diiference  of  M  and  N,  as  the  given  sides 
are  like  or  unlike. 

The  angle  s  P  Z,  thus  found,  added  to  s  P  S,  and 
their  sum  subtracted  from  180^  will  leave  the  angle 
d  P  Q,  or  the  arc  d  Q  that  measures  it,  which  is  the 
arc  of  the  equator  the  star  S  must  pass  oyer  in  coming 
from  the  vertical,  ZV,  to  the  meridian.  Which 
converted  into  time,  and  measured  by  a  clock  or 
watch,  beginning  to  reckon  the  precise  moment  that 
a  plumb-line  cuts  both  stars,  will  shew  the  hour, 
minute,  and  second,  that  S  is  on  the  meridian. 

Find,  by  the  right  ascension  of  the  star  and  sun, 
at  what  time  that  star  should  come  to  the  meridian 
in  the  north,  the  night  of  the  observation  ;  subtract 
from  it  the  time  the  star  takes  from  the  vertical  to 
the  meridian,  and  the  remainder,  corrected  by  the 
sun's  equation,  will  be  the  time  when  the  two  stars 
were  in  the  same  vertical. 

The  lowest  of  the  two  stars  comes  soonest  to  the 

2  K  2 
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meridian  below  the  pole,  the  highest  of  them  tomes' 
sooirest  to  that  part  of  the  meridian  which  is  abover 
the  pole. 

The  nearer  in  time  one  of  the  stars  is  to  the  meri- 
dian when  the  obsenration  is  made^  it  is  the  better ; 
for  then  an  ordinary  watch  wHI  serve  to  measure  the 
time  sufficiently  exact.  It  is  still  m6re  advantageous^ 
if  one  of  them  is  above  the  pole^  when  the  other  is 
below  it. 

The  nearer  one  of  the  stars  is  to  the  pole,  and 
the  farther  the*  other  is  from  it,  the  more  exact  will 
this  observation  be,  because  the  change  of  the  ver- 
tical will  be  the  sooner  perceived.  For  this  reason, 
in  north  latitudes,  stars  northward  of  the  zenith  are 
preferable  to  those  that  are  southward  of  it. 

If  the  two  stars  are  past  the  meridian  when  they 
are  observed  in  the  same  vertical,  then  the  arc  d  Q 
gives  the  time  S  took  to  come  from  the  meridian 
to  the  vertical,  and  must  be  added  to  the  time  when 
that  star  was  on  the  meridian,  to  give  the  time  of  the 
observation ;  and  the  arc  of  the  horizon  V  O  must 
be  marked  on  the  ground  on  the  side  of  the  vertical, 
contrary  to  what  it  would  have  been  in  the  foregoing 
supposition :  that  is,  eastward  below  the  pole,  and 
westward  above  it. 

When  two  stars  come  to  the  vertical  line  near  the 
meridian,  it  may  be  difficult  to  judge  on  which  side 
of  it  they  are  at  that  time ;  for  determining  this,  the 
following  rules  may  serve. 

The  right  ascension  of  two  stars  may  be  either 
each  lesSy  or  each  more  than  1 80  degrees,  or  one  more 
and  the  other  less. 

When  the  right  ascension  of  each  of  the  stars  is 
either  less^  or  more,  than  1 80  degrees,  they  will  come 
to  the  same  vertical  on  the  east'side  of  the  meridian 
when  the  star,  with  the  greatest  right  ascension  is 
the  lowest;  but  on  the  west-side  of  the  meridian 
when  it  is  highest. 

fVfien  the  right  ascension  of  one  of  the  stars 
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is  more  than  180  degrees,  and  that  of  the  other 
less. 

If  the  right  ascension  of  the  highest  is  less  than 
180^,  but  greater  thau  the  excess  of  the  other*s  right 
ascension  above  1 80%  then  they  come  to  the  vertical 
on  the  jcast'Side  of  the  meridian.  But  if  the  right 
ascension  of  the  higher  star  is  less  than  that  excess^ 
they  come  to  the  vertical  on  the  west-side  of  the 
meridian. 

If  the  right  ascension  of  the  higher  star  is  more 
than  1 80  degrees,  and  that  excess  i9  less  than  the 
right  ascension  of  the  lower  star,  then  they  come  to 
the  vertical  on  the  west-side  of  the  meridian ;  but  if 
the  excess  of  the  higher  star's  right  ascension  above  / 
1 80®  is  more  than  the  right  ascension  of  the  lower 
star^  then  they  oome  to  the  same  vertical  on  the  east^ 
side  of  the  meridian. 

Case  2.  When  the  two  stars  are  in  the  same 
verUcal,  southward  of  the  zenith,  plate  16,  Jig.  3. 

When  two  stars  are  observed  in  the  same  ver- 
tical line  southward  of  the  zenith,  or  toward  the 
depressed  pole,  the  operations  and  solutions  are 
nearly  the  same  as  in  Case  I .  For  let  P  Z  O  be  a 
meridian,  Z  the  place  of  observation,  O  H  its  ho- 
rizon, Z  V  a  vertical  circle  passing  through  the 
two  stars  S  and  s,  P  the  pole,  Q  £  the  equator, 
P  D  and  P  d  two  circles  of  declination,  or  right 
ascension,  passing  through  the  two  stars  respec- 
tively ;  then  is  Z  P  the  co-latitude  of  the  place^ 
P  S  and  P  s  the  co-declination  of  the  two  stars  re- 
spectively, the  angles  S  P  s  the  difference  of  their 
right  ascensions,  the  angle  SZQ,  or  O  V  the  arc 
of  the  horizon  which  measures  it,  the  distance  of 
the  vertical  fron^  the  meridian;  the  angle  sPZ, 
or  d  Q  which  measures  it,  the  arc  of  the  equator, 
which  8  must  pass  over  from  the  vertical  to  the 
meridian^  which  converted  into  time,  and  mea- 
sured by  a  watch,  will  shew  wljen  s  is  on  the  me- 
jridian;  and  subtracted  from  the  calculated  time 
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that  the  star  should  come  to  the  meridian^  will, 
when  corrected  by  the  sun*s  equation,  give  the 
true  time  of  the  observation.  S  P  s  is  the  triangle 
to  begin  the  solution  with;  and  in  the  triangle 
s  P  Z,  the  angles  s  P  Z  and  s  Z  P,  when  founds 
will  give  the  solution  of  the  problem,  as  in  Case  I. 
For  the  supplement  sZP  to  180  degrees  is  the 
angle  VZO,  or  its  measure  OV,  the  horizontal 
distance  of  the  vertical  from  the  meridian  ;  the 
angle  s  P  Z,  or  its  measure  d  Q,  is  the  equatorial 
distance  of  the  vertical  from  the  meridian ;  for  all 
which  the  solution  in^Case  1,  properly  applied,  will 
serve. 

On  the  south-side  of  the  zenith,  when  the  highest 
of  the  two  stars  has  the  least  riglit  ascension,  they 
come  to  the  same  vertical  on  the  east-side  of  the  me- 
ridian ;  but  when  the  highest  star  has  the  greatest 
right  ascension,  they  come  to  the  same  vertical  on 
the  xvest-side  of  the  meridian. 

Problem.  To  find  the  suns  amplitude  at  rising, 
or  settings  and  from  thence  the  variation  of  the 
magnetic  7ieedle,  with  an  azimuth  compass. 

Make  the  needle  level  with  the  graduated  circle 
in  the  box.  Then,  when  the  sun's  lower  edge  is  a 
semi-diameter  above  the  horizon,  take  the  bearing 
of  its  centre,  from  the  N.  or  S.  whichever  is  nearer, 
through  the  sights  making  the  thread  bisect  the 
sun's  disk,  and  that  subtracted  from  90%  will  be  the 
sun*s  magnetic  amplitude,  or  distance,  from  the  E, 
or  W.  points  by  the  needle. 

Next,  calculate  the  sun's  true  amplitude  for  that 
day,  by  the  following  proportion  : 

As  the  co-sine  of  the  latitude  is  to  radius,  so  is  the 
sine  of  the  sun's  declination  at  setting  or  rising  to 
the  sine  of  his  amplitude  from  the  W.  or  E. 

Wliich  will  be  N.  or  S.  as  the  sun's  declination  is 
N.  or  S.  and  the  distance  in  degrees  and  minutes 
between  ihe  true  E.  or  W.  and  the  magnetic,  is  the 
variation  of  the  needle. 
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An  easy  and  sure  way  to  prevent  mistakes, 
wbich  the  unexperienced  are  liable  to  in  this  cal- 
culation, 18,  to  draw  a  circle  by  hand^  representing 
the  visible  boundary  of  the  horizon,  and  on  it  to 
mark  the  several  data  by  guess :  then,  by  inspect- 
ing the  figure,  it  will  easily  appear  how  the  varia- 
tion if  to  be  found,  whether  by  addition  or  subtrac- 
tion, and  on  which  side  of  the  north  it  lies.  For 
example : 

I^late  iQjJig.b.  Suppose  the  variation  was 
<ou^t  at  sun-setting.  JDraw  by. hand  a  circle 
N  W  S  E,  to  represent  your  visible  horizon ;  in  the 
middle  of  it  mark  the  point  C,  for  your  station ; 
from  C,  draw  the  line  C  W,  to  represent  the  true 
west ;  then  on  the  north  or  south  side  of  that  line, 
according  as  the  sun  sets  northward  or  southward 
of  the  true  west,  draw  the  line  C  ©,  representing 
the  direction  of  the  sun's  centre  at  setting,  and 
another  line  C  w,  for  the  magnetic  west,  either  on 
the  north  or  south  side  of  0,  as  it  was  observed  to 
be,  and  at  its  judged  distance.  Then  by  observ- 
ing the  situation  of  these  lines,  it  will  easily  occur 
whether  the  magnetic  amplitude  and  true  ampli- 
tude are  to  be  added,  or  subtracted,  to  give  the 
variatioti ;  and  on  which  side  of  the  true  north  the 
variation  lies.  In  the  present  supposition,  w  0  is 
the  magnetic  amplitude,  and  0  W  the  true  ampli- 
tude ;  O  W  therefore  must  be  subtracted  from  0  w, 
to  give  w  W  the  distance  of  the  one  from  the  other; 
iind  n,  the  magnetic  N.  90°  from  w,  must  be  west- 
ward of  N,  the  true  north. 

This  method  is  sufficiently  exact  for  finding  the 
variation,  but  it  is  not  exact  enough  for  fixing  a  pre- 
cise meridiaii  line;  because  of  the  uncertainty  of  the 
refraction,  and  of  the  sun*s  centre ;  but  if  the  sun 
ascends,  or  descends,  with  little  obliquity,  the  error 
then  will  be  very  little. 

To  find  the  suris  azimuth,  and  from  thence  to  find 
the  variation  of  the  needle. 
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First^  let  the  latitude  of  th^  pl^ce  be  ttactly 
found.  Next,  let  the  quadrant  be  carefully  adjusted 
for  observation.  Then,  two  or  three  hours  before 
or  aftef  mi<i-day,  take  the  altitude  of  the  sun's  centre 
as  exactly  as  possible,  making  the  vertical  wire  of 
the  telescope  bisect  the  sun  s  disk ;  and,  without 
altering  the  plane  of  the  quadrant  in  the  least,  mov0 
the  telescope  vertically  till  you  see  some  distant 
sharp  object  on  the  land,  exactly  at  the  vertici^l 
wire ;  and  that  object  will  be  in  the  direction  of  the 
sun's  azimuth  when  the  altitude  of  its  centre  was 
taken.  If  no  such  object  is  to  be  seen,  let  a  pole  be 
set  up  in  that  direction,  about  half  a  mile  pff,  or  as 
far  as  can  be  seen  easily. 

Next  oalculate  the  sun's  azimuth  by  the  following 
rule. 

Add  the  complement  of  the  latitude,  the  com- 
plement of  the  altitude,  and  the  complement  of 
the  sun's  declination  to  90^  together,  and  take  the 
half  of  that  sum,  and  note  it  down ;  subtract  the 
complement  of  the  declination  from  the  half  sum, 
and  take  the  remainder;  then  take  the  comple- 
ment arithmetical^  of  the  sines  of  the  complement 
of  the  altitude,  and  of  the  complement  of  the 
latitude,  and  add  them  together,  and  to  them  add 
the  sines  of  the  four-mentioned  half  sum  and  re* 
mainder :  half  the  sum  of  these  four  logarithms  is 
the  co-sine  of  half  the  azimuth  required.  Therefore, 
find  by  the  tables  what  angle  that  co-sine  answers 
to,  double  that  angle,  and  that  will  be  the  sun'$ 
azimuth  front  the  north. 

If  the  sun's  declination  is  S.  in  north  latittule^  or 
N.  south  latitude,  in  plaqe  of  taking  the  complex 
ment  of  the  declination  to  Q0%  add  QCf  to  it,  anc^ 
proceed  as  before. 

*  The  complement  arithmettca]  of  a  logarithm  is  found  thus: 
begin  at  the  left  hand  of  the  logarithm^  aiia  subtract  each  fisur^ 
from  9,  and  the  last  figure  from  10,  setting  down  the  severd  re- 
mainders in  a  line ;  and  that  i^umber  will  be  the  arithmetic^  cora« 
plement  required. 
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In  south  latitudes  the  azimuth  is  found  in  the 
same  manner;  only,  the  suo^s  azimuth  is  found  from 
the  S. 

Then,  to  find  the  variation,  place  your  needle 
below  the  centre  of  the  quadrant,  set  it  level,  and 
find  how  many  degrees  the  pole,  or  object,  in  the 
sun's  azimuth,  bears  from  the  north  by  the  needle; 
and  the  difference  between  that  and  the  azimuth 
found  by  calculation,  is  the  variation  of  the  needle 
sought. 

If  the  sun  ascends,  or  descends  with  httle  obli- 
quity, a  meridian  line  may  be  fixed  pretty  exactly 
this  way,  because  a  small  inaccuracy  in  the  altitude 
pf  the  sun's  centre,  will  not  be  sensible  in  tiie  azi-^ 
muth.  But,  when  the  sun  does  not  rise  high  oq 
the  meridian,  this  method  is  not  to  be  relied  on^ 
when  great  exactness  is  necessary ;  for  then  every 
jnaccuracy  in  latitude,  altitude,  and  refraction^ 
occasions  severally  a  greater  error  in  the  azimuth^ 
To  mark  the  meridian  line  on  the  ground,  place 
the  centre  of  a  theodolite,  or  Hadlejfs  quadrant^ 
where  the  centre  of  the  quadrant  was  when  the 
sun's  altitude  was  taken,  and  putting  the  index  to 
the  degree  and  minute  of  the  azimuth,  direct,  by 
waving  your  hat  towards  oncT^ide  or  the  other,  a 
pole  to  be  set  up,  making  an  angle  with  the  former 
pole  placed  in  the  azimuth,  equal  to  the  sun's 
azimuth  found ;  and  that  last-placed  pole  will  be 
in  the  meridian,  seen  from  the  centre  of  the  qua- 
drant. 

N.  B.  The  sun's  declination  in  the  tables  must  be 
corrected  by  the  variation  arising  from  the  difference 
of  the  time  between  your  meridian  and  that  of  the 
tables  ;  and  also  for  the  variation  of  declination  for 
the  hours  before,  or  after  noon,  at  which  the  sun's 
altitude  was  taken. 

The  two  last  problems  are  constructed  and  fully 
explained  in  Robertsons,    M^kajfsy    and  other 
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« 

Treatises  on  Navigation ;  it  is,  therefore^  needless  tm 
be  more  particular  here. 


A  CX)URSB 

OF 

PRACTICAL  GEOMETRY* 

ON  THE  GROUND, 

BY  ISAAC  LANDMAN, 

mOTAL  mUTART  JLCADEIcy  AX  WOOLfflCS. 


It  is  as  easy  to  trace  geometrical  figures  on  the 

frcund,  as -to  describe  them  on  paper;  there  is, 
owever,  some  small  difference  in  the  mode  of 
operation,  because  the  instruments  are  different. 
A  rod,  or  chain,  is  here  used  instead  of  a  scale; 
the  spade,  instead  of  a  pencil ;  a  cord  fastened  to 
two  staves,  and  stretched  between  them,  instead  of 
a  rule,  the  same  cord,  by  fixing  one  of  the  staves 
in  the  ground,  and  keeping  the  other  moveable, 
answers  the  purpose  of  a  pair' of  compasses;  and 
with  these  few  instruments  every  geometrical  figure 
necessary  in  practice  may  be  easily  traced  on  the 
ground. 

Problem  i .  To  draw  upon  the  ground  a  straight 

line  through  two  given  points  A,  Byfg.  1,  plate  27. 

Plant  a  picket,  or  stafi^   at  each   of  the  given 

'  *  I  have  been  obliged  to  omit  in  this  Course,  so  liberally  com- 
municated by  Mr.  Landman,  the  calculations  that  illustrate  tHe 
examples ;  this,  I  hope,  will  not  in  the  least  lessen  its  use,  as  this 
work  will  fall  into  the  hands  of  very  few  who  are  ignorant  of  the 
nature  and  application  of  logarithms. 
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poit^t;  A 1^  then  fix  another^  C,  between  thein,  ia 
such  manner,  that  when  the  eye  is  placed  so  as  to 
see  the  edgp  of  the  staff  A,  it  may  coincide  with  the 
edges  of  the  staves  B  and  C. 

The  line  may  be  prolonged  by  taking  put  the 
staff  4^  and  planting  it  at  D,  in  the  direction  of 
B  and  C,  and  so  on  to  any  required  length.  The 
accuracy  of  this  operation  depends  greatly  upoa 
fixing  the  staves  upright,  an4  not  letting  the  ey^ 
be  top  near  tbp  stafl^  from  whence  the  observation  i» 
made. 

Problem  2,    To  measure  a  straight  line. 

We  have  already  observed,  that  theri^  ia  so  ope- 
ration more  difficult  than  that  of  measuring  n 
straight  line  accurately ;  whex>  the  line  is  short,  it  m 
generally  measured  v^ith  a  ten-feet  rod;  for  diis 
purpose,  let  two  men  be  furnished  each  with  a  ten 
feet  rod,  let  the  first  man  Isjy  hi^  rod  down  on  the 
line,  but  not  take  it  up  till  the  second  ha^.  l^d  hif 
cjown  on  the  lipe,  so  thsjt  the  end  may  exactly  co- 
incide with  ths^t  of  the  first  rod ;  now  let  tlie  first 
man  lift  up  his,  apd  count  one,  and  then  lay  it 
down  at  the  end  of  the  aecoi^d  rod  ;  the  second 
man  is  now  to  lift  up  his,  and  count  two  ;  and  thup 
continue  till  the  whole  line  is  measured.  iStaves 
should  be  placed  in  a  line  at  proper  distanci^s  from 
each  other  by  Problem  1 ,  to  prevent  the  operators 
from  going  out  of  the  given  lime. 

When  the  line  is  v^ry  long,  a  chain  is  generally 
used ;  th.e  manner  of  using  the  chain  has  beei| 
already  described,  page  194, 

Problem  3.  To  measure  distances  by  pacings  an^ 
to  make  a  scale  of  paces,  which  shall  agree  with 
another  J  confaining  Ja  thorns,  yards,  or  feet. 

In  ipilitary  concerns,  it  is  often  UQccssary  to  take 
plans,  form  maps,  or  prpcure  die  sketch  of  a  field 
of  battle,  and  villages  of  cantonment,  or  to  reconr 
noitre  fortified  places,  where  great  accuracy  is  not 
required,  or  where  circumstances  will  not  allow  the 


42$  PRACTICAI.  GEOMETIIT 

Vise  of  iQstram^nts ;  in  this  case  it  is  necessary  to  be 
well  accustomed  to  measuring  by  the  common  pace^ 
which  is  easily  eflfected  by  a  little  practice;  to  this 
end  measure  on  the  ground  300  feet,  and  as  the 
common  pace  is  2i  feet,  or  120  paces  in  300  feet, 
walk  over  the  measured  space  till  you  can  finish  it 
in  120  paces,  within  a  pace  or  two. 

Example.  Let  us  suppose  that  we  have  the  map 
of  a  country  containing  the  principal  objects,  as  the 
villages^  towns,  and  rivers,  and  it  be  necessary  to 
finish  it  more  minutely,  by  laying  down  the  roads^ 
single  bouses,  hills^  rocks,  marches,  &c.  by  mea* 
suring  with  the  common  pace;  take  the  scale 
belonging  to  the  map,  and  make  another  relative  to 
it,  in  the  following  manner,  whose  parts  are  paces. 
Let  the  scale  of  the  map  be  200  fathoms,  draw  a 
line  ABj^g.  3,  plate  27,  equal  to  this  scale,  and 
divide  it  into  four  equal  parts,  A  C>  CD,  &c.  each 
of  which  will  represent  50  fathoms ;  bisect  A  C  at 
E,  divide  A  £  mto  five  equal  parts,  Ae,  ef,4*g, 
&c.  each  of  which  will  be  five  fathoms ;  draw  G  H 
parallel  to  A  B,  and  at  any  distance  therefrom ; 
then  through  the  points  of  division  A,  e  f,  g  h^ 
E,  C,  &c.  draw  lines  perjiendicular  to  AB,  and  cut"« 
ting  G  H,  which  will  oe  thereby  divided  into  as 
many  equal  parts  as  A  B.  Two  hundred  fathoms, 
at  24-  feet  per  pace,  is  480  paces  ;  therefore  write  at 
H,  the  last  division  of  G  H,  480  paces,  at  I  36o,  at 
K  240,  and  so  on.  To  lay  down  on  the  plan  any 
distance  measured  in  paces,  take  the  number  of 
fathoms  from  the  line  AB,  cori*esponding  to  the, 
number  of  paces  in  G  H,  which  will  be  the  distance 
to  be  laid  down  on  the  plan. 

When  plans,  or  maps,  are  taken  by  the  plaiti 
table,  or  surveying  compass,  this  is  an  expeditious 
method  of  throwing  in  the  detail,  and  a  little  prac<r 
tice  soon  renders  it  easy. 
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Distances  of  a  certain  extent  may  be  measured 
by  the  time  employed  in  pacing  them ;  to  do  this, 
a  person  must  accustom  himself  to  pace  a  given 
extent  in  a  given  time,  as  600  paces  in  five  minutes, 
or  120  in  one  minute:  being  perfect  in  this  exer- 
cise^  let  it  be  required  to  know  how  many  paces  it 
is  firom  one  place  to  another,  which  took  up  in 
pacing  an  hour  and  a  quarter^  or  75  minutes.  Mul- 
tiply 75  by  120^  and  you  obtain  120,  the  measure 
required. 

This  method  is  very  useful  in  military  operations ; 
at  for  instance,  when  it  is  required  to  Know  the 
itinerary  of  a  country  for  the  march  of  an  army, 
or  to  find  the  extent  of  a  field  of  battle,  an  encamp- 
ment, &c.  It  may  be  performed  very  well  on  horse- 
back, having  first  exercised  the  horse  so  as  to  make 
him  pace  a  given  space  in  a  determinate  time,  and 
this  may  be  eflfeoted  in  more  or  less  time,  according  as 
he  is  trained,  to  walk,  trot,  or  gallop  theoriginalspace* 

Problem  4.  To  walk  in  a  straight  line  from  a 
proposed  point  to  a  given  object ,  Jig.  2,  plate  27. 
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Suppose  the  point  A  to  be  the  proposed  point 
Scorn  whence  you  are  to  set  out,  B  the  given  object ; 
fix  upon  another  point  C,  as  a  bush,  a  stone,,  or 
any  mark  that  you  can  find  in  a  lin^  with  B ;  then 
step  on  in  the  direction  of  th6  two  objects  B,  C ; 
when  you  are  come  within  ten  or  15  paces  of  C, 
find'  another  object  D,  between  C  and  B,  but  in  a 
line  with  them ;  it  is  always  necessary  to  have  two 
points  constantly  in  view,  in  order  to  walk  in  a 
straight  line. 

This  problem  is  of  great  use  in  measuring  dis- 
tances, and  sfurveying  by  the  pace;  particularly  in 
reconnoitering  either  on  foot  or  on  hofBeback.  ft 
may  also  be  used  when  a  battalion  is  ordered  to  take 
a  position  at  the  distance  of  3  or  400  paces,  arid  pa- 
rallel to  that  in  which  it  is  standing;  to  effect  this,  let 
two  non-commissioned  officers,  who  are  well  exer- 
cised in  the  practice  of  this  problem,  step  out  from 
the  ©xtremities,  or  wings  of  the  battalion,  place 
themselves  square  with  the  front  of  the  battalion^ 
then  fix  upon  two  objects  straight  before  them,  and 
on  a  signal  given,  set  out  and  step  the  required 
number  of  paces,  then  halt,  thus  becoming  two 
guides  for  placing  the  battalion. 

Problem  5.  To  place  a  troop  EF,  between  two 
given  points  A,  B,  Jig.  4,  plate  TJ. 

To  perform  this^  let  two  persons  each  with  a  pole 
in  his  hand,  separate  about  50  or  6o  paces  from  eafth 
other ;  and  then  move  on  till  the  poles  are  situated 
in  the  direction  A,  B,  i.  e.  so  that  the  person  at  C 
I  may  see  the  point  D  in  a  dii^ection  with  B,  at  the 
same  time  that  the  person  at  D  sees  C  in  a  direction 
with  the  object  A. 

Method  2,  fg.  5.  To  perform  the  same  with 
one  person.  Take  a  staff  C  F,  jig.  5,  plate  27, 
three  or  four  feet  long,  slit  the  top  thereof,  and 
place  a  straight  rule,  six  or  seven  inches  long,  in  this 
slit ;  place  this  instrument  between  the  two  points^ 
and  see  if  A  and  B  coincide  with  £,  then  view  D 
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from  B^  and  if  A  coincides  therewith,  all  is  right ;  if 
not^  move  the  rule  forward  or  backward  till  it  is  in 
the  direction  of  D,  E. 

Problkm  6.  To  raise  a  perpendicularjrom  a  point 
C5  to  the  given  line  A  B,  Jig.  6,  plate  27. 

Set  off  two  points  £,  V,  in  A  B^  equally  distant 
from  C ;  fold  a  cord  in  two  equal  parts^  place  a  staff 
in  the  middle  at  F^  fasten  the  two  ends  to  the  staves 
£  and  D ;  then  stretch  the  cord  tight,  and  the 
point  F  will  be  the  required  point,  and  the  line  C  F 
will  be  perpendicular  to  A  B. 

Problem  7 .  From  a  given  point  F,  out  of  the  line 
A  Bj  to  let  Jail  a  perpendicular  C  F,  j^^.  7,  plate  l/J. 

Fold  your  cord  into  two  equal  parts,  and  fix  the 
middle  thereof  to  the  point  F,  stretch  the  two 
halves  to  A,  B,  and  where  they  meet  that  line  plant 
two  staves,  as  at  £,  D,  divide  the  distance  £  D  into 
two  equal  parts  at  C,  and  the  line  C  F  will  be  per- 
pendicular to  A  B. 

Problem  8.  To  raise  a  perpendicular  B  C  af  the 
end  B  of  the  line  B  F,  /Jg^.  8,  plate  27. 

From  D  taken  at  {Measure,  and  with  the  length 
D  B,  plant  a  staff  at  the  point  A,  in  the  dire<?tion  F  B ; 
with  the  same  length  set  off  from  D  towards  C,  plant 
a  staff  C  in  the  direction  D  A,  and  B  C  will  be  per- 
pendicular to  F  B. 

Method  2.  Jig.  9,  plate  27.  By  the  numbers  3, 
4,  5,  or  any  multiple  thereof.  Set  off  from  C  to  D, 
in  the  direction  C  A,  four  feet  or  four  yards,  and 
plant  a  staff  at  D,  take  a  length  of  three  feet  and 
five  feet,  or  yards,  according  as  the  former  measure 
was  feet  or  yards ;  fasten  one  end  of  the  cord  at  C, 
and  the  other  at  D  ;  then  streteh  the  cord  so  that 
three  of  these  parts  may  be  next  to  the  point  C, 
and  five  next  to  D ;  plant  a  staff  at  H,  and  C  H  will 
be  perpendicular  to  C  A** 

*  Much  trouble  and  time  in  these  alterations  maybe  saved  br 
using  a  cross-staff,  before  deseribed,  or  box  sectant ;  see  p.  902. 

Edit. 
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Problem  Q.  To  draw  a  line  C  P  parallel  to  th^ 
line  A  B,  and  at  a  given  distance  from  it,  Jig*  10/ 
plate  27. 

At  A  taken  at  pleasure  in  A  B,  raise  a  perpen-* 
dicular  A  C,  then  from  B  taken  also  at  pleasure  in 
A  By  draw  B  F  perpendicular  to  A  B ;  make  A  C, 
B  F,  each  equal  to  the  given  distance;  plant  staves  at 
C  and  F,  and  in  the  direction  of  these  two  plant  a 
third;  £,  and  the  line  CEF  will  be  the  required  line. 

Problem  10.  To  make  an  angle  abc  on  the 
ground  equal  to  a  given  angle  A  B  C^Jig*  1 1  and  12, 
plate  27. 

Set  off  any  number  of  equal  parts  from  B  to  C, 
ftnd  from  B  to  A,  and  with  the  same  parts  measure 
A  C;  describe  on  the  ground  with  these  three  length* 
a  triangle  a  b  c^  and  the  angle  a  be  thereof  will  be 
equal  to  the  angle  ABC. 

Problem  11.  To  prolong  the  line  A  B,  notroith" 
standing  the  obstacle  Gy  and  to  obtain  tfie  length 
thereojy  Jig.  IS,  plate  27. 

At  B  raise  the  perpendicular  B  C,  draw  C  D  per- 
pendicular to  BC,  and  ED  to  CD,  make  ED  equal 
t(^  B  C;  then  raise  a  perpendicular  E  F  to  E  D,  and 
£  F  will  be  in  a  straight  line  with  A  B. 

The  measures  of  the  several  lines  A  B,  C  D,  £  F^ 
added  together,  give  the  measure  of  the  line  A  F, 

This  problem  is  particularly  useful  in  mining. 

Problem  12.  2b  draw  a  line  B  C,  parallel  to  the 
inaccessible  face  he  of  the  bastion  a,  b,  c,  d,  c,  in 
order  to  place  a  battery  at  C,  where  it  will  produce 
the  greatest  ej^ect.  Jig.  14,  plcUe  27. 

Place  a  staft  at  the  point  A,  out  of  the  reach  of 
musket  shot,  and  in  a  line  with  b  c ;  from  A  draw 
A  G,  perpendicular  to  b  A ;  set  off  from  A  to  G 
about  375  paces,  and  at  G  raise  G  B  perpendicular 
to  A  G,  and  produce  this  line  as  far  as  is  requisite 
for  placing  the  battery,  i.  e.  so  that  the  difection  of 
the  fire  may  be  nearly  perpendicular  to  one  third  of 
the  face  b  c. 
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VKoi^mfSi  13.  To  make  an ^ngle  Upon  paper  rqual 
to  the  given ^ngle  ABC,  Jig.  15  and  l6, plate  27; 

Set  oS  36  feet  from  B  to  C,  and  plant  a  fitafF  at 
C;  set  off  also  36  feet  from  B  to  Aj  and  plant  a 
staff  at  A,  and  measure  the  distance  A  C,  which  we 
will  suppose  to' be  equal  to  52  feet^  Let  1)  G  be  a 
given  line  on  the  paper ;  then  from  G  with  36 
parts  taken  from  itny  equal  scatcjt  describe  the  arc 
^  D  H,  then  with  52  parts  from  the. same  scale^  mark 
off  the  distance  DH;  dr^w^GH,  and  the  angle 
D  G  H  is  equal  to  the  angles  A 1^  C 

Problem  14.  To  measure  from  the  outside  an 
angle  A  B  C,  formed  by  two  walls  A  B,  C.B,  J^  17, 
plate  11a    '        i 

Laj  (^30  feet  from  B  to  E.in  the  direction  A  B^ 
and  plant  a  staffatE;  ^et  off  the  same  measure  from 
3  to  F  in  the  direction  B  ^,  aijd  nxeasure  F  E,  and 
yoi^may  obtain  the  measure  of  yqur  angle,  cither  by 
laying  it  down  on  paper^  as  in  the  last  problem,  or 
by  calculation. 

Problem  15.;.  To  ascertain  the  opening  of  an 
inaccessible  flanked  angle  B  CJ  D  o/"  the  bastion 
ABODE,  Jig.  18,  plate  27- 

Place  a  staff  at. F^  in  the  direction  of  the  fece 
B  C,  but  out  of  the  reach  of  musket  shot ;  make 
FG  perpendicular  to  FB,  and  equal  to  about  250 
paces;  at  G  make  G  H  perpendicular  to  GF,  and 
producc.it  till  it  meets,  at  H,  the  direction  of  the 
face  D  C  ;  place  a  staff  at  I  in  a  tine  with  D  H,  and 
the  angle  I  H  K  will  be  equal  to  the  required  anglp 
BCD,  and  the  value  of  I H  K  may  be  obtained  by 
Problem  18. 

'  Problem  1 6.  To  ascertain  the  length  of  the  line 
A  B,  accessible  only  at  the  two  cjctremities  A  B, 
Jig.  19,  plate  VI. 

Choose  a  point  O  accessible  to  A  and  B,  draw 
A  O,  O  B,  prolong  A  O  to  D,  and  make  O  D  equal 
to  A  O ;  prolong  B  O  to  C,  and  make  O  C  equal 
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to  BO,  tntl  C ]>  wiU  be  ecpial^  to  A  B^  the  required 
Kne. 

PROBLBftf  17.  To  Ut  fail  a  perpendicular  from 
the  inaccessible  point  D,  upon  the  right  line  A'  B^. 
Jig.  f  1,  plate  27. 

Fronk  A  and  B  draw  A  I>,  B  D^  let  fall  the  per- 
pendkulars  A  H^  B  F,  upon  the  sides  A  1>^  B  I>^ 
plant  a  staiT  at  their  intersection  C,  and  another  at 
E,  in  the  direction  of  the  pointi  C,  D,  and  £  C  1> 
wUl  be  the  required  perpendicular. 

Probmm  18.  TQjikdthebveadthAB,ofaritery 
fg.  20,  plate  VJ.     -   ' 

Pknt  a  staff  at  C  in  9  line  with  A  B,  so  Aat 
B  C  may  be  about  \  of  the  length  of  A  B^  draw  a 
line  C  E  in  any  direction,  th^  longer  the  better. 
Set  up  a  staff  at  D^  the  middle  of  C  £,  find  the 
intersection  F  of  EB,  DA;  draw  D  6  parallel  to 
BC;  measure  BF.FE;  and  you  wilf  find  A B  by 
the  following  proportion;  as  FE*-BF  :  4- BC  or 
DG::BF:AB. 

Inaccessible  distances  nay  be  obtained  in  other 
modes,  when  circumstances  and  the  ground  will  per- 
mit, as  in  the  following  problehi. 

pROBLXBf  19.    Let  it  he  required  to  measure  the 
distance  AB  of  the  produced  capital  of  the  ravelin, 
from  the  head  of  the  trenches  B,  to  the  angle  A,. 
fg.  M^  plate  27. 

Draw  BE  perpendicuhr  to  AB,  and  set  oflT 
from  B  to  E  100  feet,  produce  B  £  to  C,  and  make 
E  C  equal  to  one  eighth  or  tenth  part  of  B  E ;  at  C 
raise  the  perpendicular  C  D,  plant  staves  at  E  and 
C,  tjien  move  with  another  staff  on  C  D,  till  this 
staff  is  in  a  line  with  E  and  A.  Measure  C  D,  and 
you  will  obtain  the  length  of  A  B  by  the  following 
proportion;  as  EC  :  CD  ::  BE  :  AB;  thus  if 
B  E  =  100  feet,  E  C  =  10  feet,  and  C  D  =  38 
feet,  then  as  10  1 100  ::  38  :  380  feet,  the  distance 
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PtoiLBM  20.  To  meoiure  the  indccesHhk  distance 
AB,  Jig.  23,  piate27* 

Plant  a-sttff  at  C^  a  point  from  whence  you  can 
readily  see  both  A  and  B.  By  the  pretieding  pro^ 
blems,.  find  the  length  of  C  A,  C  Bi  make  C  D  as 
many  parts  of  C  A,  as  you  do  C  £  of  €  B^  and  join 
DE;  ttena8CD:DEt:CA:AB.* 

PaioBLHM  21.  Ta  dettrwine  the  directum  of  the 
capitdlofa  bastion  produced^  fg.  24,  plate  ^7* 

Upon  the  produced  lines  B  D,  B  £^  of  the  two 
ftoes  C  B,  A  B,  place  the  staves  £  and  D ;  find  the 
lengths  of  E  B  and  D  B,  by  Problem  1 0,  and  mea^ 
sure  D£.  Then  as  the  capital  6B  divides  the 
angle  ABC,  and  its  opposite  £  B  I>,  into  two  equal 
parts,  we  have  as  P  B  :  B  £  ::  D  F  t  £  F,  and  as 
DB+B£:B£::D£:£F,  and,  conaequefttly 
the  point  F,  which  will  be  in  the  direction  of  tte 
capital  GB  produced. 

JProbi^m  22.  Through  the  point  C  to  draw  a 
line  I  K  parallel  to  the  inaccessible  line  A  B,jigl25i 
plate  27. 

Assume  any  point  D  at  pleasure^  find  a  point  £ 
in  the  line  A  D,  which  shall  be  at  the  same  time  in 
a  line  with  C  B ;  from  £  draw  E  G  parallel  to  D  B, 
and  through  C  draw  G  C  F  parallel  to  A  P,  mcet^ 
ing  B  I)  in  F.  Plant  a  staff  at  H  in  the  line  £  G» 
so  that  H  mav  be  in  a  line  with  F  A,  and  a  line 
I,  H,  C,  K,  drawn  through  the  points  H  C,  will  be 
parallel  to  A  B. 

*  Am  easy  method  qfjinding  the  dulancd  of  farts  <yr  other 
objects. — ^If  you  go  off  at  any  angle^  as  90,  and  continue  in  that 
direction  until  you  bring  the  object  and  your  first  station  under 
an  angle  of  68^,  the  distance  mesisured  nam  the  first  station  is 
equal  to  half  tha  distance  the  object  is  from  your  first  istatiotta 
But  should  the  ground  not  admit  of  going  off  at  an  angle  of  90^ 
go  off  at  an  angle  of  45,  and  whatever  distance  in  that  direction 
you  find  the  object  and  the  first  station  under  an  angle  of  106$^^ 
IS  half  Ae  distance  of  the  object  and  first  station*  Sot  also  paga 
906  of  tfaest  £sfay4»  and  the  table»  paga  269. 
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Problem  23.  To  take  apian  of  a  place  A,  B,  C, 
D,  E,  by  similar  triangles^  Jig.  26  and  27, plate  27. 

I.  Make  a  sketch  of  tlie  proposed  pbee,  9l%  Jig. 
27.  2.  Measure  the  lines  A  B,  B  C,  C  D^  D  E, 
E  A,  and  write  the  measure  obtained  upon  the 
corresponding  lines  a  b,  b  c,  c  d,  d  •,  e  a,  of  the 
sketch.  3.  Measure  the  diagonal  lines  AC,  AD, 
and  write  the  length  thereof  on  a  c,  a  d,  and  the 
figure  will  be  reduced  to  triangles  whose  sides  are 
known.  4.  To  obtain  a  plan  of  the  buildings, 
measure  B  G,  B  F,  G  H,  I  K,  F  K»  &c.  and  write 
down  the  measure  on  the  sketch.  5.  Proceed  in 
Ihe  same  manner  with  the  other  buildings,  &c. 
6i  Draw  the  figure  neatly  from  a  scale  of  equal 
parts. 

Problem  24 .  To  take  a  plan  of  a  woods  or  marshy 
grotmd,  by  measuring  roundabout  it ^  fig.  2%  and  29^ 

plate  27. 

Make  a  rough  sketch,  Jig.  2%  of  the  wood,  set 
up  staves  at  the  angular  points,  so  as  to  form  the 
circumscribing  lines  A  B,  B  C,  C  D,  and  measurt 
these  lines,  and  set  down  the  measures  on  the  corre- 
sponding lines  in  the  sketch,  then  find  the  ralue  of 
the  angles  by  Problems  13  and  14. 

Problem  2b.  To  take  a  plan  of  a  river ^  Jig.  SO 
and  31 J  plate  27. 

1.  Draw  a  sketch  of  the  river.  2.  Marie  out  a  lin^ 
A  B,  fig.  30.  3.  At  C,  upon  A  B,  raise  the  per- 
pendicular C  H.  4.  Measure  A  C,  C  H.  5.  Mea* 
sure  from  C  to  D,  and  at  D  make  D I  perpendicular 
to  A  B,  and  measure  D  I.  6.  Do  the  same  the 
whole .  length  of  A  B,  till  you  have  obtained  the 
principal  bendings  of  the  river,  writing  down  every 
measure  when  taken  on  its  corresponding  line  in 
the  sketch,  and  you  will  thus  obtain  sufficient\data 
for  drawing  the  river  according  to  any  propoilion. 
.  Problem  26.  To  take  a  plan  of  the  neck  of  land 
A,  B,  C,  D,  E,  F,  Qyfig.  32  and  S3,  platt  27. 
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Take  a  sketch  of  the  proposed  spot^.  divide  the 
figure  into  triangles  A  B  C,  A  C  D,  A  D  E,  A  E  G, 
by  staves  or  poles  placed  at  the  points  A,  B^C,  D, 
E,  F,  G,  measure  the  sides  A  B,  B  C,  A  C,  C  D, 
AD,  AE,  AF,  FG,  AG  of  the  triangles,  writing 
down  these  measures  upon  the  corresponding  lines 
ab,  be,  ac,  &c.  then  measure  AH  on  AB,  and 
at  H  raise  the  perpendicular  H  I,  and  measure  its 
length ;  do  the  same  at  K,  M,  &c«  writing  dowa 
the  measures  obtained  on  their  corresponding  linsff 
a  h,  h  i,  i  k,  k  U  &c*  Proceeding  thus,  you  will  as- 
certain a  sufficient  number  of  points  for  laying  dovra 
your  plan  by  a  scale  of  equal  parts. 

i 

PRACneAL  TRIGPNOMETKY. 

Problem  27.  To  ascertain  the  height  of  a  huild- 
ing^Jig.  34,  plate  28. 

Measure  a  line  F  E,  from  the  foot  of  a  building, 
so  that  the  angle  C  D  A  may  be  neither  too  acute 
nor  obtuse ;  thus  suppose  E  F  =  1 30  feet,  place 
your  theodolite  or  sextsuit  at  D,  and  measure  the 
angle  A  DC  =  34*^56'. 

Then  as  radius  is  to  tangent  tA^  56',  so  is  EF=s 
130  feet,  to  AC. 
>  Which,  by  working  the  proportion,  you  will  find 
to  be  89  feet  6Q  parts,  or  89  feet  7*92  inches,  to 
which  adding  tour  feet  for  D  E,  or  its  equal  CF^ 
you  obtain  the  whole  height  Q3  feet  7*22  inches. 

Problem  28,  To  find  the  angle  formed  by  the 
line  of  aim^  and  the  axis  of  a  piece  of  ordnance-pro* 
duced^  the  caliber  and  dimensions  of  the  piece  being 
known,  fig.  35,  plate  28. 

Suppose  the  line  B I  to  be  drawn  through  B,  the 
summit  of  the  swelling  of  the  muzzle,  and  parallel 
to  C  D,  the  axis  of  the  piece ;  the  angle  A  6 1  will 
be  equal  to  the  angle  A  £  C,  formed  by  the  line  of 
aim  A  F,  and  the  axis  C  D ;  then  ia  the  right  an* 
gled  triangle  A I B,  we  have  the  sides  A I  and  B  I, 
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to  And  the  angle  A  B  I,  which  we  obtain  by  this  pro* 
portion ;  as  I  B  :  A  I  ::  radius^  tangent  of  angle' 
A  B I  eqoal  to  A  £  C  required^ 

Problem  29,  The  elevation,  three  degrees j  of  a 
fight  twetce-pounder  being  gvoen,  tofnd  the  height 
to  which  the  line  of  aim  rises  at  the  distance  of  laoo 
yards i  'fvhich  is  about  the  range  of  a  iwehe'^pound'' 
eTjWithan  elevation  ofthreedegrees^fg.SSyplateM, 

The  hpe  of  aim^  which  we  suppose  to  be  found  by 
the  preceding  problem,  forming  with  the  axis  of  a 
light  twelve-pounder  1*^24',  will  make  with  the  ho-r 
riaon  an  angle  of  i^  30' ;  thus  the  height  at  the  ho- 
rizontal distance  of  1200  yards  will  be  the  second 
side  of  a  right-angled  triangle,  where  the  angle  ad- 
jacent to  the  side  of  I200^ards  is  1^  36',  and  may 
therefore  be  obtained  by  the  following  proportion  ; 
as  radios  to  the  tangent  of  l^  36',  so  is  1200  to  33 
yards  1  foot  6  inches  ==  F  G, 

Prqblem  30.  The  Jirst  embrasure  ^of  a  ricor 
phee  battery  being  direct,  tofnd  the  inclination  of 
the  seventh  embrasure  B,  i.  e.  the  angle  formed  by 
the  line  of  direction  B  C,  and  the  breast  work  A  U, 
at  the  seventh  embrasure  B ;  it  is  supposed  that 
all  the  pieces  are  directed  towards  a  point  C,  at  the 
distance  0f\  1 500  feet,  fig.  36,  plate  48. 

The  line  of  direction  A  C  of  the  first  embrasure 
is  supposed  to  be  perpendicular  to  the  breast-work 
A  B ;  therefore  we  have  to  find  the  angle  A  B  C  of 
the  right-angled  triangle  BAG,  in  whiqh  the  right 
angle  is  known  AC  s=  1500  feet,  and  AB  is  deter- 
fniiM^d  by  th^  size,  the  distance,  and  number  of 
cmbrasutes;  thus,  suppose  the  distanpp  from  the 
niiddle  of  one  embrasure  to  another  be  20  feet, 
this  multiplied  ^76,  will  be  120  feet,  and  equal  to 
A  B ;  thep  as  A  B  to  A  C,  so  is  radius  to  the  tangent 
pf  angle  A  B  C,  8S^  26'. 

•  Problem  31.  As  the  hurler  D  £,  fig.  37,  platt 
28,  is  always  perpendicular  to  the  directing  Ime  of 
the  gun.  and  as  at  least  one  end  of  it  ousiit  to  be 
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iaici  vgainsrt  the  breBsi-wof  k,  it  wiH  mske  ao  angle 
AFC,  which  was  found  l?y  the  preceding  problem 
"to  be  M^  26' ;  therefore^  knowing  the  length  O  £  of 
<he  hurler^  and  consequentty  its  half  D  F,  it  will  be 
•easy  to  calculate  the  distance  3  F  fraoi  the  brea9t<* 
work  where  the  middle  F  of  the  hurler  ought  to  be 
placed,  upon  the  line  of  direction  of  the  gun. 

Problem  32.  To  ascertain  ^he  height  jof  a  build-- 
ingfrom  a  gvoen  painty  from  whence  it  is  impossible 
to  measure  a  bast  in  any  direction^  the  points  A  and  - 
F  being  supposed  to  ie  in  the  same  horizontal  lint, 
Jig.  38,  plaU  28. 

Measure  the  an^es  C  £  D,  A£D ;  let  €  £  D  l>e 
equal  43^  12^  the  angle  A£D  equal  2®  26',  and 
the  height  £  F  from  the  centre  of  the  instrument 
to  its  foot:five  foet;  then  in  the  right-angled  triangle 
A  D  £  we  have  A  Ds£  F=:5  feet,  the  angle  D  £  A 
r=2^  26'  to  find  D  £,  «vhich  may  be  obtainea  by  the 
following  proportion  r  as  radius  :  co-tangent  of  angle 
D£A,  so  is  AD  toD£  118  feet;  then  in  the  right- 
angled  triangle  C  D  £  we  have  D  £  11 8  feet,  angle 
C£D  SS''  12'  to  find  CD,  which  is  found  by  the 
following  proportion ;  as  radius  to  tangent  of  angle 
€£D,  soi^  D£  to  DC  77  feet,  which  added  to  £F 
5  feet,  is  82  feet,  the  height  of  the  tower. 

PrPblbm  33.  The  distance  A  C,  135  toistSyfrom 
ihe point  C,  to  the  flanked  angle  of  the  bastion  being 
given,  and  also  AB,  180  toises,  the  exterior  side  of 
the  polygon^  iofnd  B  C,^,  3^,  plate  2S, 

1  •  Find  the  angle  B  by  the  following  proportion; 
as  AB  is  to  the  une  of  angle  C,  so  is  AC  to  the  sine 
of  angle  B,  39^  8';  because  it  is  plain  from  the  cir- 
cumstances of  the  case  that  B  must  be  acute,  and 
therefore  the  angle  B  A  C  is  also  known.  Qu  BC  is 
found  by  the  following  proportion ;  *-as  sine  of  angle  C 
is  to  A  B,  so  is  sine  ^of  angle  B  AC  :  BC^  213  toises» 
three  feet. 

PaoBLSM  34.  To^nd  the  height  of  the  building 
A  Cffg.  4a 
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1 .  At  B  measure  the  angle  F  B  C*  in  the  direc-r 
tion  FB.  2.  Set  off  any  distance  B  D  as  a  base. 
3.  ^fea8u^e  the  angle  B  D  C;  C  B  D  is  the  supple- 
ment of  F  B  C,  and  BCD  is  the  supplement  of 
CBD  +  BDC. 

Then^as  sin.  Z.  BCD  :  B  D  ::  C  D  B  :  B  C, 
B  C  being  found,  we  have  in  the  right*angled  tri- 
angle F  B  C,  the  side  B  C  and  angle  F  B  C,  to  find 
F  C,  which  is  found  by  this  proportion ;  as  radius 
to  sin,  ancle  FB  C,  so  is  B  C  :  F  C,  FC;  added  to 
A  F,  the  height  of  the  instrument,  gives  the  height 
of  the  tower. 

Problem  35*  To  ascertain  the  distance  between 
two  inaccessible  objects,  CD,  Jig.  41,  plate  2S. 

] .  Measure  a  base  A  B,  from  whose  extremities 
you  can  see  the  two  objects  C,  D.  2.  Measure 
the  angles  CAB,  DAB,  DBA,  CBA,  CBD. 
3.  In  the  triangle  B  A  C  we  have  the  side  A  B  and 
angles  ABC,  B A C,  to  find  B C,  which  is  found 
by  the  following  proportion;  as  sine  of  angle  A  C  B  i 
A  B  ::  sine  B  A  C  :  B  C.  4.  The  angles  CAB, 
CBA,  added  together  and  subtracted  from  1 80, 
gives  the  angle  A  C  B.  5.  In  the  triangle  A  B  D 
we  have  the  angles  D  A  B,  A  B  D,  and  consequents 
ly  A  D  B,  and  the  side  A  B  to  find  B  D,  which  is 
found  by  the  following  proportion ;  as  the  sine  of 
angle  A  D  B  is  to  A  B,  so  is  the  sine  of  angle  DAB 
:  B  D.  6.  In  the  triangle  C  B  D  we  have  the  two 
sides  B C,  B D,  and  the  angle  CBD,  to  find  the 
angle  C  D  B,  and  the  side  C  D :  to  find  C  D  B  we 
use  this  proportion  ;  as  the  sum  of  the  two  given 
sides  is  to  their  difference,  so  is  the  tangent  of  half 
the  sum  of  the  two  unknown  angles  to  the  tangent 
of  half  their  difference;  the  angle  CDB  being  found, 
the  following  proportion  will  give  C  D  ;  as  sine  angle 
CDB  to  B  C,  so  is  sine  angle  CBD  to  C  D. 

Problem  36,  To  draw  a  line  through  the  point  B, 
parallel  to  the  inaccessible  line  CD,  Jig.  41, plate  28. 

Find  the  angle  B  C  D  by  the  preceding  problem^ 
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and  then  place  your  iostrument  at  B^  and  with  B  C 
make  an  angle  C  B  £  equal  to  B  C  D,  and  £  B  will 
be  parallel  to  C  D. 

Problem  37  •  To  ascertain  several  points  in  the 
same  direction^  though  there  are  obstacles  which 
prevent  one  e:ptremity  of  the  line  being  seen  from  the 
other.  Jig*  42,  plate  28. 

)•  Assume  a  point  C  at  pleasure,  from  which  the 
two  extremities  of  the  line  A  B  may  be  seen.  2. 
Measure  the.  distances  CB,  CA,  and  the  angle 
A C B,  and  find  the  value  of  the  angle  CAB,  3« 
Measure  the  angle  A  C  D,  and  then  m  the  triangle 
A  C  D  we  have  the  side  A  C,  and  the  two  angles 
I)  A  C,  A  C  D,  and  therefore  the  third  to  find  C  D, 
and  as  sine  angle  ADC  to  A  C,  so  is  sine  angle 
CAD  to  CD.  4.  Set  off  C  D,  making  with  AC 
an  angle  equal  the  angle  A  C  D,  equal  to  the  mea- 
sure thus  found,  and  the  point  D  will  be  in  a  line 
with  A  B  ;  and  thus  as  many  more  points^  as  G,  may 
be  found  as  you  please ;  in  this  manner  a  mortar 
battery  may  be  placed  behind  an  obstacle^  so  as  to 
be  in  the  direction  of  tlie  line  A  B. 

Thus  also  you  may  fix  the  position  of  a  ricochee 
battery  M,Jig.  43,  so  as  to  b^  upon  the  curtain  AD 
produced. 

Problem  S8.  To  measure  the  height  of  a  hill, 
whose  foot  is  inaccessible.  Jig,  44,  plate  28. 

1.  Measure  a  base  FG,  from  whose  extremities* 
the  point  A  is  visible.  2.  Measui*e  the  angles  A  BC, 
A  C  B,  A  C  D.  3.  In  the  triangle  ABC  we  have 
BC,  and  the  angles  A;BC,  ACB,  to  find  AC ;  but 
as  sine  angle  BAC  is  to  BC,  so  is  sinie  angle  ABC 
to  A  C.  4.  In  the  right-angled  triangle  ADC  we 
have  the  side  AC,  and  the  angle  ACD,  to  find 
A  D ;  but  as  radius  is  to  sine  angle  A  C  D,  so  is  AC 
to  A  D,  the  height  required. 

Problem  sg.  To  take  the  map  of  a  country,  jig^ 
45,  plate  28. 

First^  choose  two  places  so  remote  from  each  other> 
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that  their  distance  may  sene  as  a  comknoQ  base  for 
the  triangle  to  be  obaerved,  ^a  order  to  ferm  die  map. 

LctA,B,C,D,E,F,G,H,I,K,L,  beseveralre- 
niarkable  oigects,  whose  situattons  are  to  be  laid 
domn  in  a  majK 

Make  a  rough  sketch  of  these  objects^  according 
to  their  positions  in  regard  to  each  other;  on  thia. 
sketch,  the  different  measures  taken  in  the  course  of 
the  observations  are  to  be  set  down* 

Measure  the  base  AB,  whose  length  should  be 
proportionate  t6  the  distance  of  the  extreme  objects 
firom  A  and  B  ;  from  A,  the  extremity  of  the  base, 
measure  the  angles  BAB,  FAB,  GAB,  CAB, 
DAB,  formed  at  A  with  the  base  A  B. 

From  B,  (he  other  extremity  of  the  base,  obs^nre 
the  angles  EB  A,  F B  A,  GB  A,  C  B  A,  DB  A. 

If  any  object  cannot  be  seen  from  the  points  A  and 
B,  another  point  must  be  found,  or  the  base  changed, 
so  that  it  may  be  seen,  it  being  necessary  for  the 
same  objept  to  be  seen  at  both  stations,  because  its 
positions  can  only  be  ascertained  by  the  iBtersection 
of  the  lines  from  the  ends  of  the  base,  with  which 
they  form  a  triangle. 

It  is  evident  from  what  has  been  already  aaid,  that 
having  the  base  AB  given,  and  the  angles  observed, 
it  will  be  easy  to  find  the  sides,  and  from  them  lay 
down,  with  a  scale  of  equal  parts,  the  several  trian- 
gles  on  your  map,  and  thus  fix  with  accuracy  the 
position  of  the  different  places* 

In  forming  maps  or  plans,  where  the  chief  points 
are  at  a  great  distance  from  each  other,  trigonom^ 
trical  calculations  are  absolutely  necessary. 

But  where  the  distance  is  moderate,  after  having 
measured  a  b^stse  and  observed  the  angles,  instead 
of  calculating  the  sides,  the  situation  of  the  points 
may  be  found  by  kying  down  the  angles  with  a  pro» 
tractor;  this  method  though  hot  so  exact  as  the. 
preceding,  answers  sufficiently  for  most  military  ope» 
vatioos. 


^ 
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Problbm  40.    The  use  of  the  surveying  compass, 

^g,Sy  plate  15,  in  determining  the  particulars  of  v»^ 

rious  objects  to  be  inserted  in  a  plan.  Jig.  46,  phfe  '28« 

The  first  station  beiog  at  A,  plant  staves  at  the  r^ 
quisite  places,  and  then  place  the  compass  at  A^  di- 
recting the  telescope  to  C ;  observe  the  number  of 
degrees  north  AC,  made  by  the  needle  and  the  tele- 
scope, or  its  parallel  line  drawn  through  the  centre  of 
the  compass,  and  mark  this  angle  in  your  sketch,  see 
Jig:  46  ;  observe  and  mark  in  the  same  manner  the 
other  angles,  north  A  O,  north  A  P,  north  A  Q  ; 
then  measure  A  C,  and  at  the  second  station  C,  ob- 
serve the  angles  north  C  M,  north  C  Q,  north  C  O, 
north  C  P,  north  C  D,  and  so  on  at  the  other  sta- 
tions ;  in  observing  the  angles,  attention  most  be 
paid,  when  the  degrees  pass  180,  to  mark  them  pro^ 
perly  in  the  sketch,  in  order  to  avoid  mistakes  in 
protracting. 

Problem  41.  To  raise  perpendiculars  ^  and  form 
angles  equal  to  given  angles  by  the  surveying  com* 
pass,  fig.  47,  plate  28. 

Let  it  be  required  to  trace  out  the  field  work^ 
AD C  B,  at  the  head  of  a  bridge. 

The  direction  of  the  capital  F  E  being  given,  de- 
scribe the  square  ABCD  in  the  following  manner; 
place  your  compass  at  F,  and  as  A  B  is  to  be  perpen- 
dicular to  FE,  direct  the  telescope  to  E,  and  observe, 
when  the  needle  is  at  rest,  the  number  of  degrees  it 
points  to;  then  turn  the  compass  box  upon  its  centre, 
till  the  needle  has  described  an  arc  of  90°,  and  jjJace 
a  staft*  in  the  direction  of  the  telescope  towards  A, 
and  AF  will  be  perpendicular  to  FE ;  continue  AF 
towards  B,  and  make  A  F,  B  F,  each  equal  30  toises 
at  E ;  in  the  same  manner  raise  the  perpendicular 
DC,  and  make  ED,  EC,  each  equal  30  toises ;  join 
D  A,  C  B,  and  you  have  the  square  ABCD. 

Make  C  G,  D  K,  each  equal  to  ■{.  of  A  B,  through 
6  and  K  draw  the  line  G  K,  set  off  G  H,  K  I,  eacU 
j^oal  to  -t  of  A  B  or  C  D,  dmw  the  lines  of  defence 
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I C,  H  D,  place  the  compass  at  I,  and  the  telescope 
io  the  direction  1  H  ;  observe  where  the  needle 
points  when  at  )*est,  and  turn  .the  compass  till  the 
needle  has  described  an  arc  oi  1€0^  the  value  of  the 
angle  L  I  H  of  the  flank,  place  a  stafi^  at  L  in  the 
direction  of  the  telescojie,  •  and  at  the  sanA;  time  in 
the  line  I H,  which  gives  the  length  of  the  face  D  L 
and  the  Hank  IL;  the  face  CM  and  flank  HM 
are  ascertained  in  the  same  manner. 

Make  B  Q  equal  tO'^  of  AB^  and  A  R  equal  to 
^  of  AB,  and  draw  D  R,  C  Q ;  through  Z  the  middle 
of  AD,  drawOZ,  make  RT  equal  to  4.  AB;  at 
T  and  with  T  D,  form  an  angle  D  T  U,  equal  to 
1 05^ ;  plant  a  staff  at  U,  so  that  it  may  be  in  the 
line  Z  O,  and  at  the  same  time  in  the  direction  T  U^ 
which  gives  the  flank  T  U  and  face  O  U. 

Make  Q  8  equal  4-  A  B,  at  S  form  an  angle  C  S  P 
equal  to  120^,  draw  the  line  SP,  meeting  the  river, 
and.  the  lines  O^  U,  T,  D,  L,  I,  H,  will  be  the  line 
of  the  tete  de  pont  required. 


THE   USE   OF  THE  PLAIN  TABLE   IN   MILITARY  OPE- 

EATIONS. 

Problem  42.  To  take  the  plan  of  a  camp^fig.  2, 
plate  29. 

Place  the  table  at  A,  where  you  can  convenichtly 
see  the  greater  part  of  the'  fleld,  and  having  made  a 
scale  on  it,  fix  a  fine  needle  perpendicular  to  the 
table  at  the  place  that  you  fix  uix)n  to  represent  the 
point  A  ;  the  fiducial  edge  of  the  index  is  always  to 
be  applied  against  the  needle. 

Turn  the  plain  table  so  that  the  index  may  point 
to  the  object  B,  and  be  so  situated  as  to  take  in  the 
field ;  then  plant  a  staff  at  C,  in  a  line  with  B,  point 
the  index  to  the  windmill  F,  and  draw  the  indefinite 
line  A  F  ;  then  point  it  to  K,  the  right  wing  of  the 
cavalry  KL,  and  draw  A  K ;  then  to  L^  and  draw 
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AL;  afterwarii»«point  the  index  to  the  steeple  I, 
and  then  tothe  points  M,0,.P,  N,  H,  E,  G,  then 
draw  a  line  on  the  •  table  parallel  -  to  the  north  and 
loutb  of  jtnir  compsris,  to  represent  the  magnetic 
meridian.  .    i-,     '.       .  j       *    . 

Remove  the  plain  table  tqC,  planting  a  staff  at  A, 
measure  AC,  and  set  off  that  mea&ure  by  yc^ur  seale 
from  A  upon  the  line  AC,  and*fix'the  needle  at  C ; 
then  set  the  index  iupon  the  line  A  C,  and  tuini  the 
table  till  the  line  of  sight  coincides- with  A»  faiten 
the  table,  point  the  index  tb  F,  and  draw  C  F,  'in- 
tersecting A  F  in  F,  and  determining  the  positidn 
of  the  windmill  F  ;''from  C  d^aw  the  indefinite  lines 
C  M,  C  K,  C  L,  &c.  which  will  determine  the  points 
M  KL,  &c*  draw  KL  and  m  n  parallel  thereto,'  to 
represent  the  line  of  cavalry. 

Remove  the  table  from  C  to  D,  setting  up  a  staff 
at  C,  measure  C  D,  and  set  off  the  distance  on  C  B 
from  your  scale,  place  the  nteedle  at  D,  the  index 
on  C  D,  and  turn  the  table  till  C  coincided  with  the 
sights,  and  take  the  remarkable  objects  which  could 
not  be  seen  from  the  other  stations. 

Staves  should  be  placed  at  the  sinuosities  of  the 
river,  and  lines  drawn  at  the  stations  A,  C,  D,  B,  to 
these  staves,  which  will  give  the  windings  of  the 
river. 

Having  thus  determined  the  main  objects  of  the 
field,  sketch  on  it  the  roads,  hills,  &c. 

Problem  43.  To  take  a  plan  of  the  trenches  of 
an  attack,  fig.  1 ,  plate  ig. 

The  plan  of  trenches,  taken  with  accuracy;  gives  a 
jiist  idea  of  .the  objects,  and  shews  how  you  may  close 
more  and  more  upon  the  enemy,  and  be  covered 
from  their  enfilade  fire,  and  also  how.  to  proceed  in 
the  attack  without  mpltiplying  useless  works,  which 
increase  expense,  augment  the  labour,  and  occasion 
a  great  loss  of  men.  '  • 

Measure  a  long  line  A  B,  parallel  to  the  front  o 
the  attack  D  F,  place  the  table  at  A,  and  set  up  f 
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Staff  at  B^  point  the  index  to  B,  and  draw  a  line  to 
represent  AB,  fasten  the  taUe,  and  fix  a  ncedfe  at 
the  point  A,  direct.the  line  of  sights  to  the  flanked 
angle  of  the  ravelin  C,  and  draw  AC  t  proceed  in  the 
same  manner  with  the  flanked  angles  D,  £,  F^  G, 
to  draw  the  lines  at  the  opening  of  the  trenches^  plant 
staves  at  H  and  R,  from  A  dnw  a  line  on  the  table 
in  the  direction  A  H,  measure  A  H,  and  set  off*  that 
'measure  from  your  scale  upon  the  line  AH  on  the 
table. 

Remove  the  plain  table  from  ,A  to  B,  set  up  a 
staff*  at  A,  Ifl^  the  fiducial  edge  of  the  index  against 
the  line  A  B,  and  turn  the  table  about  till  ttie  staff* 
at  A  coincides  with  the  line  of  sight,  then  fasten  the 
table,  direct  the  nights  to  C,  and  draw  B  C,  inter- 
secting A  at  C  ;  in  the  same  manner  ascertain  the 
flanked  angles  D,  E,  F,  G,  draw  a  line  in  the  direc- 
tion B  R,  and  set  off  the  measure  thereof  fix)m  your 
scale. 

Remove  the  table  from  B  to  R,  and  set  up  a  staff" 
at  B  where  the  plain  table  stood,  lay  the  index  upon 
the  line  corresponding  with  R  B,  then  turn  the  table 
about  till  the  line  of  sight  is  in  the  direction  B  R, 
srew  the  table  fast,  direct  the  sights  towards  P,  and 
draw  on  the  table  the  line  R  P,  and  by  the  scale  lay 
off  its  measure  on  that  line. 

Remove  the  plain  table  from  R  to  P,  lay  the  index 
upon  the  line  P  R,  and  turn  the  table  about  tilt  the 
line  of  sight  coincides  with  R,  screw  the  table  fast, 
and  draw  a  line  upon  it  in  the  direction  P  Q ;  mea- 
sure P  Q,  and  take  the  same  number  of  parts  from 
your  scale,  and  set  it  off  on  the  line,  and  so  on  with 
the  other  station  Q. 

Having  removed  the  table  to  the  station  S,  and 
duly  placed  it  with  regard  to  Q,  from  the  point  S, 
draw  the  lines  S  V,  ST,  S  U,  setting  off  from  your 
scale  their  lengths,  corresponding  to  their  measures 
on  the  ground. 

Having  thus  taken  the  zigzags  RPQ,  STW> 
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tttd  the  parts  U  U  W  Z  of  the  pataUeh>  jrou  recnoire 
the  plain  table  ta  H,  and  proceed  in  like  manner  to 
take  the  zigzags  H I K,  &c.  as  above^  which  will 
represent  on  your  piain  table  the  plan  of  the  attack 
required. 

or  LEVELLING,^  jfg^.  48,  ptdfe  28. 

Levelling  is  an  operation  that  shews  the  heigtit  of 
one  place  in  respect  to  another ;  one  plafce  is  said 
to  be  higher  than  another,  when  it  is  more  distant 
from  the  centre  of  the  earth  than  the  other ;  when 
a  line  has  all  its  points  equally  distant  from  the  cen- 
tre,  it  is  called  the  line  of  true  level;  whence,  be- 
cause the  earth  is  round,  that  line  must  be  a  curve, 
and  make  a  part  of  the  earth^s  circumference,  as  the 
line  A  B  £  Jl>^  all  the  points  of  which  are  equally 
distant  from  the  centre  C  of  the  earth ;  but  the  line 
of  sight  A  G,  which  the  operation  of  levelling  gives, 
is  a  right  line  perpendicular  to  the  semi-diameter  of 
the  earth  C  A  raised  above  tlie  true  level,  denoted 
by  the  curvature  of  the  earth,  and  this  in  proportion 
as  it  is  more  extended ;  for  which  reason,  the  opera- 
tions which  we  shall  give,  are  only  of  an  apparent 
level,  which  riiust  be  corrected  to  havp  the  true  levels 
when  the  line  of  sight  exceeds  300  feet. 

Suppose,  for  example,  that  A  B  was  measured 
upon  tne  surfi^ce  of  the  earth  to  be  60OO  feet,  as  the 
diameter  of  the  earth  is  near  42018240  feet,  you  will 
find  B  F  by  the  following  proportions. 

*  42018240  :  6000  ::  0000  :  BF  equal  to 
0.85677  f.  which  is  10.28124  in.  that  is  to  say,  be- 
tween two  objects  A  and  F,  6000  feet  distant  from 
each  other^  and  in  the  same  horizontal  line,  the  dif-- 

*  As  the  arc  A  B  =:  6000  feet  is  but  verv  small,  it  nni^  be 
considered  equal  to  the  tangent  A  F,  and  ki  thk  respect,  A  F  is- 
a  mean  proportional  between  the  whole  diiuneter,^  or  twice  th& 
radius  B^C*  and  the  exterior.part  B  Fl 
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ference  B  F  of  the  true  level,  or  that  of  their  distance 
from  the  centre  of  the  earth,  is  10.28124  in. 

When  the  difference  between  the  true  and  appa- 
rent level)  as  of  BF,  has  been  calculated,  it  will  be 
easy  to  calculate  those  which  answer  to  a  less  dis-* 
tance ;  for  we  may  consider  the  distances  B  F,  b  f, 
as  almost  equal  to  the  lines  A  I,  A  i,  which  arc  to 
each  othor  as  the  squares  of  the  chords,  or  of  the 
arcs  A  B,  a  b,  because  in  this  case  the  chords  and 
the  arcs  maybe  taken  one  for  the  Otficf . 

Thus  to  find  thci  difference  f  b  of  Ifevel,  which 
answers  to  5000  feet,  ina^ce  the  ;jt)llowin^  propor- 
tion ;  6000  f.  :  5000  f.  ::  0'8tip^,7\  fb,  A'fhich  will 
be  equal  to  0.71399  f.  or  &.56Tfit  iV. 

The  point  F,  which  is  in  the*sAme  horizontal  line" 
with  A,  is  said  to  be  in  tlife  appahfcnt  level  A,  and 
the  point  B  is  the  true  level  of  F;  so  that  B  F  is  the 
difference  of  the  true  level  from  the  apparent. 

Problem  44,  Jig.  4Q^  plate  28.  'Ine  above  po- 
sitions being  supposed  to  know  the  difference  of  level 
between  points  B  and  A,  which  are  not  in  tlie  same 
horizontal  line  ;  then  at  A  make  use  of  ad  instru-* 
ment  proper  to  take  the  angle  BCD,  and  having 
measured  the  distance  C  D,  or  C  I,  by  a  chain  which 
must  be  kept  horizontal  in  different  parts  of  it  on 
the  ground  AL  VB,  you  may  in  the  triangle  CDB, 
considered  as  rectangular  in  D,  calculate  B  D,  td 
which  add  the  height  C  A  of  the  instrument,  and 
calculate  the  difference  of  level  D  I,  as  we  have 
shewn  above. 

But  as  this  method  requires  great  accuracy  irt 
measuring  the  angle  BCD,  and  an  instrument  very 
exact,  it  is  often  better  to  get  at  the  same  end  with 
a  little  more  trouble,  which  is  shewn  by  the  follow- 
ing method. 

Problem  45.     Use  of  the  spirit  or  water  levels 
fig.  50,  plate  28. 

Place  the  level  at  E,  at  equal  distances  from  B 
and  G^  fix  one  station  staff  at  B^  the  other  at  G; 

6 


AN  ESSAY  09  PERSPECTIVB.  •  449 

your  instrument  being  adjusted,  look  at  B,  and  let 
the  Tane  be  moved  till  it  coincides  with  the  line  of 
sight ;  then  look  at  the  staff  6,  and  let  the  vane  be 
moved  till  it  coincides  with  the  line  of  sight  H,  and 
the  difference  in  height  shewn  by  the  vanes  on  the 
two  staves,  will  be  the  difference  in  the  level  be- 
tween the  two  points  B  and  6.  Thus,  suppwe  the 
vane  at  6  was  at  4  f.  8  in.  and  at  B  3  f«  9  m.  sub- 
tract one  from  the  other,  and  the  remainder  1 1  in- 
ches, will  be  the  difference  in  the  level  between  the 
two  points  B  and  G ;  you  may  proceed  in  the  same 
manner  with  the  other  points ;  but  more  need  not 
be  said  on  tliis  head,  as  I  have  already  treated  this 
subject  very  fully  in  the  foregoing  part  of  this  work# 


AN 

ESSAY  ON  PERSPECTIVE ; 

AHD  4  DOCRirnOir  OF 

SOME  INSTRUMENTS, 

FOR  FACILITATING  THE  PRACTICI  OF  THAT  UiXFUL 

ART. 


DEFINITIONS. 

Definition  1 .  Perspective  is  the  art  of  delineating 
the  representations  of  bodies  upon  a  plane>  and  has 
two  distinct  branches^  linear  and  aerial. 

Definition  2.  Linear  perspective  shews  the  me- 
thod of  drawing  the  visible  boundary  lines  of  ob* 
jects  upon  the  plane  of  the  picture^  exactly  where 
those  lines  would  appear  if  the  picture  were  trans* 
parent ;  this  drawing  is  called  the  outline  of  those 
objects  it  represents. 

Definition  3*  Aerial  perspective  gives  rules  to  fill 
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up  this  drawing  with  colours^  lights,  and  shades, 
such  as  the  objects  themselves  appear  to  have,  when 
viewed  at  that  point  where  the  eye  pf  the  spectator 
is  placed. 

To  illustrate  these  definitions,  suppose  the  picture 
to  be  a  plate  of  glass  inclosed  in  a  frame  r  L  N, 
•  fig.  I ^  plate  30,  through  which  let  the  eye  of  the 
spectator,  placed  at  E,  view  the  object  Q  R  S  T ; 
from  the  given  point  £,  let  the  visual  lines  £  Q, 
iE  R^  £  S,  &c.  be  drawn,  cutting  the  glass,  or  pic^ 
ture^  in  q,  r,  s,  &c.  these  points  of  intersection  will 
he  the  perspective  representations  of  the  original 
QRST,  &c.  and  if  they  are  joined,  qrst  will  be 
the  true  perspective  delineation  of  the  original  figure. 
And  lastly,  if  this  out-Iine^be  so  coloured  in  every 
part,  as  to  deceive  the  eye  of  a  spectator,  viewing  the 
same  at  £,  in  such  a  manner,  that  he  cannot  tell 
whether  he  views  the  real  object  itself,  or  its  repre- 
sentation, it  may  be  truly  called  the  picture  of  the 
object  it  is  designed  for. 

Definition  4.  When  the  eye,  or  projecting  point, 
is  supposed  at  an  indefinitely  great  distance,  com- 
pared with  the  distance  of  the  picture  and  the  ob- 
ject to  be  represented,  the  projecting  lirie^  being 
then  supposed  parallel,  the  delineation  is  called  a 
parallel  one,  and  by  the  corps  of  engineers,  mili'^ 
tary  perspective. 

jDefiniiion  5.  If  this  system  of  parallel  rays  be 
perpendicular  to  the  horizon  and  to  the  picture,  the 
projection  is  called  a  plane,  * 

Definition  6.  If  the  parallel  rays  be  horizontal, 
and  the  picture  upright,  it  is  called  an  elevation. 

Definition  7-  A  right  line  Ee,  Jig.  2,  plate  30, 
from  tlie  eye,  E,  cutting  the  plane  oi  the  picture  at 
right  angles,  and  terminating  4,herein,  at  e,  is  called 
the  distance  of  the  picture. 

Definition  8.  The  point  e,  where  this  central  ray 
cuts  the  picture,  is  called  the  centre  of  the  picture. 

Dejinition  §.    The  point  X,  fg^  2,  plate  30^ 
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vliere  any  original  line  cuts  the  picture,  is  called 
^he  intersection  of  that  line. 

I>efinition  10.  The  seat  ^y  Jig-  2,  plate  SO,  of 
any  point  £  upon  a  plane,  is  where  a  perpendicular 
from  that  point  cuts  the  plane  ;  thus,  if  a  perpendi- 
t^ular  E  F,  be  drawn  from  any  elevated  point  E,  to 
the  ground  plane  F  G  N  at  F,  this  point  F  is  called 
the  seat  of  the  point  E  upon  the  ground  plane. 
*  Definition  11.  Apparent  magnitude  is  measured 
by  the  degree  of  opening  of  two  radials'  passing 
through  the  extremes  of  bodies  whose  ajpparent 
magnitude  of  Q  R,^^.  3,  plate  30,  to  an  eye  at  E, 
is  measured  by  the  optic  angle  Q  £  R.  Hence  it 
is  evident,  that  all  objects  viewed  under  the  san>e 
angle,  have  the  same  apparent  magnitude. 

Dejinition  12.  The  intersection  G  N,  /?^.  % 
plate  30,  of  the  picture  with  the  ground  plane,  is 
called  the  ground  line. 

Definition  13.  A  plane  passing  through  the  eye, 
and  every  where  parallel  to  the  ground  (or  ground 
plane,  as  it  is  commonly  called,  because  it  is  sup- 
posed every  where  flat  and  level)  is  called  the  hori- 
zontal plane,  as  E  h  n,^^.  2,  plate  30. 

Dejinition  14.  The  intersection  of  the  horizontal 
plane  with  the  picture  is  called  the  horizontal  line  ; 
thus  hen,  Jig.  2,  plate  30,  is  called  the  horizontal 
line,  being  the  intersection  of  the  horizontal  plane 
£  h  e  n,  parallel  to  the  ground  plane  F  G  N. 

Definition  15-  The  centre  of  any  line  is  where  a 
perpendicular  from  the  eye  cuts  it. 

Dejinition  iS.-  A  plane  iEFgk,  Jig.  2,  no.  2, 
plate  30,  passing  through  the  eye  E,  perpendicular 
to  the  ground,  is  called  the  vertical  plane ;  and 
that  part  of  the  ground  plan  g  f  N  which  lies  to  the 
left  hand,  is  called  amplitudes  to  the  left,  and  all 
that  lying  on  the  other  side,  amplitudes  to  the  right, 
their  measures  being  taken  on  the  base  line  Gf  N, 
i>r  its  parallels^  as  dej^hs  are  by  f  g,  or  its  parallels^ 
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Proposition  1.  Parallel  and  equal  straight  lines 
appear  less,  as  they  are  farther  removed  from  the  eye. 

Let  O  P,  Q  R,^.  3,  plate  30,  be  two  equal  and 
parallel  straight  Imes,  viewed  at  the  point  £ ;  Q  R> 
being  the  farthest  off,  will  appear  the  least. 

For,  draw  E  Q  and  E  R,  cutting  O  P  in  r ;  then 
Q  R  and  O  r  have  the  same  apparent  magnitude, 
(definition  1 1,J  but  O  r  is  only  a  part  of  O  P. 

Corollary.  Similar  figures  parallel-wise  situated^ 
appear  less,  the  farther  they  are  removed  from  the  eye. 
«  Proposition  2.  All  original  parallel  straight  lines, 
P  R,  Jig.  3,  plate  30,  which  cut  the  picture  at  P, 
appear  to  converrc  to  the  same  point  O  therein ; 
VIZ.  that  point  which  is  the  intersection  with  the 
picture,  and  a  line  passing  through  the  eye  parallel 
to  the  original  parallel  lines. 

For,  since  P  R  is  parallel  to  EO  Q,  let  R  Q  be 
parallel  to  O  P,  and  tlierefore  equal  to  it.  By  the 
last  proposition,  the  farther  R  Q  is  taken  from  O  P, 
the  nearer  it  (the  representation  of  the  point  R) 
approaches  to  the  fixed  point  O,  and  the  case  is  the 
same  with  any  other  line  parallel  to  PR;  and, 
therefore,  if  all  the  parallels  be  indefinitely  produced, 
that  is,  at  least  till  the  straight  lines  measuring  their 
distance  become  invisible  to  the  eye,  they  will  all 
appear  to  vanish  together  in  this  point,  which,  in 
consequence  thereof,  is  called  the  vanishing  point 
pf  all  those  parallels. 

Corollary  I.  Hence  all  original  parallel  planes, 
P  R  S  p,  intersecting  the  picture,  as  m  P  p,  seem  to 
converge  to  a  right  line  tnerein,  viz.  that  line  O  o, 
which  is  the  intersection  of  the  picture,  with  a  plane 
Q  O  E  o  q,  parallel  to  them  all  passing  through  the 

pye. 

For,  since  p  S,  jSg.  3,  plate  30,  is  parallel  to  o  q, 
therefore  p  S  will  appear  to  converge  to  its  vanish-* 
ing  point  o,  by  the  foregoing  proposition ;  and 
^ince  both  the  point?  R^  S,  equally  appear  tp  t^a4 
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I 

to  the  respective  points  O  o,  therefore  the  line  R  S 

also  appears  to  approach  to  the  line  Oo  i  and  this  4 

is  the  case  with  all  planes  parallel  to  P  R  S  p^  and  ' 

therefore  if  they  are  produced  till   they  become  ■ 

invisible,  they  will  appear  to  meet  in  O  o^  whence 

this  line  is  called  the  vanishing  of  all  those  parallel 

planes*  i 

Corollary  2.  The  representations  of  original  lines 
pass  through  their  intersections  and  vanishing  points ; 
and  of  original  planes^  through  their  intersections 
and  vanishing  lines. 

Corollary  S.  Lines  parallel  to  the  picture  havd 
parallel  representations. 

For,  in  this  case  the  line  £  O,  which  should  pro- 
duce the  vanishing  point,   never  cuts  the  picture. 

Corollary  4.  Hence  the  representations  of  plane 
figures  parallel  to  the  picture,  are  similar  to  their 
originals. 

Let  q  r  s  t  u,  ^g.  4,  plate  30,  be  the  representa-* 
tion  of  the  origmal  figure  Q  R  S  T  U,  to  an  eye  at 
£ ;  then  all  the  lines  q  r,  r  s,  s  t,  &c.  being  re- 
spectively parallel  to  their  originals  Q  R^  R  S,  S  T^ 
&c.  as  well  as  the  diagonals,  t  q,  T  Q,  &c.  there- 
fore  the  inscribed  triangle  q  t  u,  and  Q  T  U^  are 
similar  to  each  other,  and  so  ojf  all  the  other  tri- 
angles; and,  therefore^  the  whole  figure  qrst  to 
QRST. 

Corollary  5.  The  length  of  any  line  in  the  re^ 
presentation  is  to  that  of  its  respective  original,  as 
the  distance  of  the  picture  to  that  of  the  original 
plane ;  for  all  the  triangles  £  Q  U,  £  q  u,  £  Q  R^ 
£  q  r,  &c.  are  similar ;  therefore,  as  £  q  is  to  q  u^ 
so  is  £  Q  to  Q  U  ;  that  is,  as  q  u  is  to  Q  U,  so  if 
the  distance  of  the  picture  to  the  distance  from  tht 
plane  Q  U. 

Problem  1 .    Having  the  centre  and  distance  of 
the  picture  giveny  to  find  the  representation  of  any 
given  point  thereon^  Jig.  5,  plate  30. 
rFrom  the  eye  £,  to  the  centre  of  the  picture  e. 
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draw  Ee,  and  parallel  to  it  Qd  from  the  given 
point  Q,  cutting  the  picture  in  d  ;  join  e  d,  and 
draw  £  Q,  intersecting  e  d  in  q,  the  perspective 
place  of  the  original  point  Q. 

For,  e  d  is  the  representation  of  the  original  line 
dQ,  indefinitely  produced  from  its^  intersection  q, 
till  it  appears  to  vanish  in  e;  therefore  q  must  be 
somewhere  in  this  line,  pr.  2,  cor*  2 ;  it  must  also 
be  somewhere  in  £  Q»  and  therefore  in  the  point  q^^ 
where  they  intersect. 

Problem  2.  The  centre  and  distance  of  the  pic^ 
tare  being  given^  tofmdthe  representation  of  a  given 
line  Q  R,  fg.  6,  plate  30. 

Produce  R  Q,  to  interaect  the  picture  in  X,  draw 
£  V  parallel  to  R  Q  X,  cutting  the  picture  in  V, 
the  vanishing  point  of  the  line  RX;  draw  £R 
and  £Q,  cutting  VX  the  indefinite  representa- 
tion of  RX,  in  r  and  q,  and  rq  is  the  representa*- 
tion  of  R  Q. 

This  needs  no  demonstration. 

Problem  3.  Having  the  centre  and  distance  of 
the  picture^  tojind  the  representation  of  an  original 
plane^  whose  position  with  respect  to  the  picture  is 
given. 

Draw  any  two  lines,  except  parallel  ones,  upon 
the  plane^  and  find  their  vanishing  points  by  the^ 
last  problem ;  through  these  points  a  line  being  mawn 
will  be  the  vanishing  line  required. 

This  is  evident  from  prop.  2,  cor  1. 

Problem  4.  Having  the  centre  and  distance  of 
the  picture  given^  to  find  the  vanishing  point  of 
lines  perpendicular  to  aplafie  whose  representation 
is  given.  Jig.  7?  plate  30.  ^ 

Let  P  L  be  the  vanishing  line  of  the  given  repre- 
sentation, X  its  centre,  e  that  of  the  picture,  and 
eE  its  distance;  join  EX,  and  perpendicular  to 
it  draw  £  f,  cutting  X  e  in  f. 

For.  E  P  L  is  the  original  plane,  producing  the 
vanishing,  line  PXL,  and  Ef  being  a  visual'  ray,^ 
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parallel  to- all  the  original  lines  that  are  perpendi* 
cular  to  the  plane  £  P  L/  or  its  parallels;  f  is  there- 
fore the  vanishing  point  of  all  of  them. 

Corollary  \.  When  the  vanishing  line  passea 
through  the  centre  of  the  picture ;  that  is,  when 
the  parallel  plants  are  perpendicular  to  that  of  the 
picture,  the  points  X  and  e  coinciding  with  E^ 
become  perpendicular  to  £  e,  or  parallel  to  the 
picture,  and  therefore  the  lines  will  have  parallel 
representations. 

Corollary  2,  If  the  original  lines  were  desired  to 
make  any  other  angle  with  the  original  plane  than  a 
right  one,  it  is  only  making  X£f  equal  to  it. 

Problem  5.  The  centre  e^  and  distance  ISie,  of 
the  picture  beif^  given^  end  the  vanishing  point  f, 
of  a  line  paraUisl  to  £f,  tojind  the  'vanishing  line 
of  planes  perpendicular  to  that  line  whose  parallel 
lEii produces  the  vanishing  point  f^Jig-  7,  plate  30* 

Join  f  e,  and  make  EX  perpendicular  thereto^ 
cutting  fe,  produced  in  X,  draw  P  L  perpendicular 
to  ex,  and  PL  will  be  the  vanishing  line  required* 

The  planes  may  form  any  angle  instead  of  a  right 
one,  if  that  f  E  A  be  made  equal  to  the  same. 

Problem  0.  The  centre  and  distance  of  the  pic-^ 
ture  being  given,  and  the  vanishing  point  of  a  Une, 
to  Jbid  th^  vanishing  line  of  planes^  perpendicular 
to  the  line  whose  vanishing  point  is  given^  Jig.  7, 
plate  30. 

From  f,  the  given  vanishing  point,  through  e,  the 
centre  of  the  picture,  draw  f  e  X,  and  through  the 
eye  E  draw  E  f,  perpendicular  to  which  draw  E  X, 
cutting  f  e  in  X ;  make  P X  L  perpendicular  to  X  e  f, 
and  P  L  will  be  the  vanishing  line. 

Problem  7-  Having  given  the  centre  and  dis^ 
tance  of  the  picture^  the  inclination  of  two  planes, 
the  vanishing  line  of  one  of  thenij  and  the  vanishing 
point  of  their  common  intersection,  to  Jind  the 
vanishing  line  of  the  other  plane. 

Case  1.    Let  the  inclination  of  the  planes  be  a 
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right  angle,  and  let  P  L  be  the  vanishing  line,  P 
the  vanishing  point  of  their  common  intersection. 
By  Problem  5  find  f,  the  vanishing  pcnnt  of  lines 
perpendicular  to  the*  plane,  whose  vanishing  line 
IS  P  L ;  join  P  f,  which  is  the  vanishing  line  re* 
quired. 

For>  since  this  last  plane  is  perpendicular  to  the 
fiprmer,  f  will  be  the  vanishing  point  of  one  line  in 
it,  (prop,  i*)  and  P  bdng  the  vanishing  point  of 
anotner,  therefore  P  f  is  the  vanishing  line* 

Case  2*  When  t^e  inclination  N  e  Mf  Jig.  8, 
plate  30«  is  greater  or  less  than  a  right  angle.  Let 
rf  X  be  the  vanishing  line  of  one  plane,  x  the  vanish^ 
ing  point  of  its  intersection  with  the  other  plane  i 
from  the  eye  £  draw  £  x,  and  perpendicular  there* 
to,  the  plane  N£M  intersecting  xN  in  N,  and 
the  picture  in  N  f  M,  make  the  angle  N  £  M  equal 
to  n  e  m  the  given  inclination,  join  x  M,  which  will 
be  the  required  vanishing  line. 

For,  the  planes  being  parallel  to  the  original  planes 
by  construction,  M  x,  N  x  are  their  vanishing  lines^ 
cor.  2,  pr.  2. 

PftOBLEM  8*    To  find  the  projection  of  any  solid 

figure. 

Find  the  representation  of  any  one  of  its  fiices  by 
Problem  3,  and  of  the  others  by  the  last ;  if  any  side 
be  convex  or  concave,  a  number  of  points  may  be 
^  found  therein  by  Problem  1,  and  curves  drawn 
evenly  through  them  will  represent  the  curved  super- 
ficies required  ;  or  squares,  or  other  regular  figures 
may  be  inscribed  or  circumscribed  about  the  origi- 
nal figures,  and  these  plain  figures  being  projected 
by  the  foregoing  methods,  together  with  a  few  points 
therein,  by  which  means  the  curves  may  be  similarly 
drawn  about  or  within  these  prcgected  squares,  &c. 
by  this  means  also  may  tangents  be  drawn  to  the 
representations  of  all  kinds  of  curve  lines,  in  aU 
kinds  of  situations. 
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So  far  I  have  endeavoured  to  render  the  principles 
of  perspective  obvious  by  a  mere  inspection  of  the 
figures*     For  the  young  artist,  whose  mind  seldom 
conforms  to  mathematical  reasonings  inay,  in  all  the 
foregoing  problems,  suppose  the  plane  of  the  picture 
placed  upright  upon  that  of  the  paper^  which  paper 
he  may  consider  as  the  ground  plane,  the  operator's 
eye  £^  being  always  in  its  proper  situation  with  re- 
spect to  the  picture,  as  well  as  to  the  planes  of  the 
original  objects.     The  data,  or  things  required  to  be 
known  before  objects  can  be  put  into  perspective,  are 
their  plans  and  elevations^  see  defin.  5  and  6,  which 
must  be  actually  laid  down  by  a  convenient  scale 
adapted  to  the  size  you  mean  your  picture  should  be, 
which  may  be  very  easily  accomplished ;  for  you 
must  remember  that  the  two  extreme  visual  rays, 
that  is,  those  which  pass  from  the  eye  to  the  two  op- 
posite borders  of  the  picture,  must  not  make  an  angle 
less  than  two-thirds^  or  greater,  than  three-Jourtlis 
of  a  right  one.     With  respect  to  the  distance  of  the 
picture,  it  must  be  remembered,  that  objects  cannot 
be  seen  distinctly  nearer  to  a  common  eye  than  six 
inches,  and  therefore  in  the  smallest  miniature  pieces 
the  distance  must  exceed  that  quantity ;  the  height 
of  the  eye  should  be  about  half  the  distance  of  the 
picture,  and  about  the  third  partof  the  picture's  whole 
height.     For  example,  if  the  whole  height  of  the 
picture  be  three,  the  distance  from  it  should  be  two, 
and  the  height  of  the  eye  on/s.     If  the  plan,  when  laid 
down, by  its  proper  scale,  be  bounded  by  a  quadran- 

J^le  G  N  c  ^9  Jig*  99  no.  2,  plat^  30,  then  the  ground 
ine  of  the  picture  is  supposed  to  be  placed  upon  the 
shortest  side  of  it,  and  upright  to  its  plane ;  there- 
fore this  side  of  the  figure  should  be  made  exactly 
equal  to  the  breadth  of  the  picture,  and  the  other  two 
adjacent  sides  should,  if  produced,  meet  at  the  dis^ 
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tance  of  the  picture,  as  at  P  the  foot  of  the  observer, 
as  is  represented  in  Jig.  9,  no.  3.  The  problems 
already  given  are  sufficient  for  all  cases  that  can  hap- 
pen in  putting  objects  in  whatsoever  position  into 
perspective ;  and  though  they  are  perhaps  solved  in 
such  a  manner,  as  to  give  the  clearest  ideas  of  the 
genuine  practice  of  perspective,  yet  others  may  pos* 
sibly  prefer  some  of  the  following  methods,  which 
arc  however  easily  deduced  from  the  preceding 
system. 

Ea^ample  1.  Having  given  the  centre  e  of  the 
picture  P.LNf,^^,  a,  i?o,  %  plate  30,  its  distance 
eE  12  inches,  height  of  £F  six  inches,  to  find 
the  representation  of  a  point  T,  whose  depth  in  the 
plan  is  eight  inches,  and  amplitude  to  the  left  five 
inches* 

Method  1 .  Form  f  in  f  N,  take  f  n  =  five  inches, 
and  having  drawn  T  perpendicular  to  f  N,  make  it 
equal  to  eight  inches,  then  will  T  be  placed  in  its 
proper  situation,  and  n  will  be  its  seat  on. the  pic- 
ture ;  join  T  F,  (F  as  usual  being  the  foot  of  the 
observer's  eye  upon  the  ground  plane,  that  is  in  the 
present  example,  six  inches  perpendicuiarly  below 
the  eye  E)  cutting  f  N  in  t,  draw  t  o  perpendicular 
to  f  N,  and  join  TE,  intersecting  t  o  in  o,  the  re- 
presentation of  the  point  T  required. 

Otherwise,  if  the  point  T  be  situated  on  the  ground 
plane^  draw  F  T,  cutting  f  N  in  t,  and  ts  perpen- 
dicular to  fN,  cutting  the  visual  ET  in  e,  the  point 
required. 

If  the  point  T  has  any  elevation  perp<;ndicular 
over  the  same  point,  as  at  S^  make  TS  equal  to  the 
height  it  should  have,  and  drawJQ  S^  cutting  the 
perpendicular  o  t  s  in  s,  the  perspective  point  of  S 
required. 

Remark,  This  method  is  very  convenient  in  some 
cases,  as  when  there  are  many  windows^  &c«  pet* 
pendicularly  over  one  another,  &c. 

Method  2.  In  the  horizontal  line  e  ^,Jig*  %  no.  Z% 
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plate  30,  from  the  centre  of  the  picture  e,  take  e  £ 
equal  to  the  distance  of  the  picture ;  from  the  given 
point  Q  draw  Q  d  perpendicular  to  the  ground  line 
G  Ny  make  d  Q;*  equal*  to  d  Q,  and  join  Q^  £  and 
ed^  ioteriectiag  each  other  in  q,  the  representation 
of  the  point  Q. 

Method  3.     Perpendicularly  over   the  centre  e, 
^g.  2,   no.  4,   piate  30,  of  the   picture,  take  E  e, 
equal  to  the  distance  of  the  picture,  draw  Q  D  per- 
pendicular to  G  N,  join  E  Q  and  e  d,  intersecting 
each  other  in  q,  the  poipt  as  before. 

Remark.  Both  these  methods  are  in  fact  the  same 
as  that  in  Problem  1,  as  may  be  seen  by  comparinj^ 
the  figures  with  each  other,  being  marked  with  the 
same  letters  for  that  purpose.  It  may  be  farther  re- 
marked, tliat  both  may  be  alternatelv  used  in  the 
same  piece,  remembering  to  use  that  which  you  judge 
will  give  the  bluntest  intersection,  that  is,  which  ever 
makes  the  angle  e  q  £  the  greatest. 

And  now  supposing  a  clear  knowledge  both  of 
the  theory  and  practice  to  be  obtained,  it  may  not 
be  amiss  to  shew  how  naturally  a  practrce  more 
elegant  and  simple  may  be  deduced,  viz.  by  sup* 
ppsmg  all  the  planes  to  coincide  with  the  paper,  or 
plane  of  the  picture. 

Thus,^^.  5,  plate  30,  if  the  triangles  q  e  E,  q  d  Q 
revolve  round  dqe  till  they  fall  into  the  plane 
PLN,  no  change  takes  place  in  any  of  the  com- 
parative distances  £  e,  £  Q,  &c.  and  the  point  q 
preserves  its  situation  on  the  picture,  as  in  ^g.  2, 
no.  4 ;  and  again,  if  in  fig.  2,  no.  4,  e  E  be  moved 
round  on  the  point  e,  till  it  falls  into  the  horizontal 
fine  at  n,  and  d  Q  be  moved  similarly  round,  till  it 
becomes,  as  in  Jig.  3,  720.  3,  parallel  to  e£,  the 
point  q  still  remains  unaltered. 

Method  4.  Let  m  N  f  s  r,  ^g.  2,  no.  5,  plate  30,i 
be  the  ground  line,  f  e  E  perpendicular  to  it,  passing- 
through  the  centre  of  the  picture  c,  and  let  f  £« 
equal  to  f  N^  be  the  distance  of  the  picture^  N  P 
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being  perpendicular  to  N  f,  and  the  representation 
of  the  point  Q,  whose  distance  from  N  r  is  r  Q. 

Draw  E*  Q,  cutting  N  r  in  s,-  take  N  m  equal 
to  Qr,  and  draw  em^  cutting  NP  in  o^  draw  oq 
parallel  to  N r,  and  s q  to  No,  intersecting  each 
other  in  q,  the  point  required. 

Remark.  The  lines  E^  Qem  need  not  bedrawn^ 
but  a  dot  made  at  s,  where  the  ruler  crosses  n  r 
and  em ;  a  T  square*  may  also  be  applied  to  the 
line  N  8  r,  and  a  dot  made  on  its  fiducial  edge  at  s ; 
then  if  the  square  be  slid  up  till  the  fiducial  edge 
crosses  the  mark  at  o,  the  point  s  will  be  transferred 
to  q,  the  representation  of  the  given  point  obtained 
without  drawing  any  lines  oyer  the  picture.  (This 
method  was  first  discovered  by  Mr.  Beck^  an  in]geni- 
ous  artist,  well  known  for  many  useful  contrivances.) 
It  is  also  more  accurate  than  the  last  method  in  gene- 
raly  as  the  intersections  are  more  obtuse. 

But  nevertheless  when  the  two  points  in  represen- 
tation are  projected  very  near  together,  it  is  the  best 
way  to  work  by  the  intersections  and  vanishing 
points  of  the  original  lines ;  for  then  having  the  full 
extent  of  the  representation,  its  true  directions  may 
be  ascertained  very  correctly.  The  vanishing  points 
by  this  method  are  thus  found  ;  suppose  for  instance 
of  the  line  I Q  intersecting  the  ground  line  in  I,  in 
f  e  E*  take  e  E  equal  to  E^  f,  that  is,  equal  to  the 
distance  of  the  picture ;  draw  E  V  parallel  to  I  Q, 
intersecting  the  horizontal  line  h  o  in  V  the  vanish- 
ing point  of  I  Q  and  all  its  parallels. 

Example  2.  To  put  any  plane  figure,  as  Q  R  S  T, 
or  M  N  O  P,  into  perspective,  plate  30,  Jig^  9. 

This  is,  in  fact,  only  a  repetition  of  the  last ;  for 

*  See^.  20,  plate  81.  Thit  is  a  very  useful  article  in  draw- 
ing; a  ruler  a,  is  fixed  as  a  square  to  h :  there  is  also  a  move- 
able piece  c.  This  ruler  applied  close  to  the  side  of  a  true  draw* 
ing  board,  will  admit  of  parallel  lines  being  drawn,  as  well  aa 
obliaue  ones,  with  more  ease  and  expedition  &an  by  ^t  common 
parallel  rulers.    Epxt. 
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by  finc'iiig  the  projections  of  the  several  points^  as 
before,  nothing  remains  but  to  join  them  properly^ 
and  the  thing  is  done ;  thus  the  points  m,  n^  o^  p^ 
projected  from  M,  N,  O,  P,  being  joined,  give 
m  p  o  n,  the  representation  of  the  quadrangle 
M  P  O  N^  &c.  But  if  any  line,  as  p  o,  should 
be  very  short,  so  that  a  small  error  in  the  point  o 
would  considerably  alter  the  direction  of  it,  find  the. 
intersection  and  vanishing  point  of  its  original ;  or 
if  the  vanishing  point  falls  at  too  great  a  distance,  as 
it  very  frequently  does  in  practice,  find  the  intersec- 
tion £^,  and  vanishing  point  Z  of  any  other  line 
passing  through  the  point  o,  as  the  diagonal  O  M, 
and  the  truth  of  the  projection  may  be  depended 
upon.  All  the  three  last  methods  may  be  made  use 
of  in  projecting  the  same  figure ;  thus  the  point  p, 
by  the  second  method,  that  is,  make  e£  in  the 
horizontal  line  equal' to  £'k,  the  distance  of  the 
picture,  draw  P  Y  perpendicular  to  S  X,  and  take 
Y  k  equal  to  Y  P,  join  E  k  and  e  Y,  intereecting 
in  p,  which  is  a  better  intersection  than  the  third 
method  would  give,  viz.  by  drawing  E  P  ;  but  yet 
inferior  to  that  in  the  fourth  method. 

Example  3.  To.  put  any  solid  body  into  perspec« 
tive.  Find  the  seats  of  all  the  points  upon  the 
ground  plane,  and  project  them  as  before ;  Met  G  be 
the  seat  of  one  of  the  points,  g  its  projection,  pro- 
ducc  e  g  to  the  ground  line  a  E^  and  make  £^  H 
perpendicular,  and  equal  to  the  height  of  the  given 
point,  from  its  seat  join  He,  and  it  will  cut  the 
perpendicular  g  g',  in  g%  the  representation  of  the 
required  point. 

Or,  by  the  fourth  method^  G*  S  being  equal  to 
the  distance  of  G  from  SX, 

Make  G*  G^  perpendicular  and  equal  to  the 
given  height,  draw  G^  e,  cutting  S  U  in  e^  then 
^^  g^  parallel  to  S  X^  will  cut  the  perpendicular 
^  g''  in  the  point  g^  required ;  or  the  point  g  may 
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be  transferred  to  g*  by  the  T  square^  without  drawl- 
ing gg'  ore'^g*. 

Proceed  in  thi^  manner^  till  you  have  obtained  all 
the  requisite  points  in  the  figure,  marking  or  num- 
bering them  as  you  proceed,  or  else  correct  them  by 
straight  or  citlrved  lines  according  to  your  original, 
hy  which  means  you  may  easily  see  the  connexion 
of  your  work  at  all  times  without  confusion. 

Remarks.  1  *  Sometimes  when  there  is  a  great 
number  of  small  parts  in  a  body  to  be  perfectly 
made  out,  it  may  not  be  amiss  to  draw  squares  over 
the  ground  plane  of  the  object,  and  find  the  seats 
of  its  several  elevated  points ;  then  by  turning  these 
squares  into  perspective,  the  positions  of  the  several 

Eoints  will  likewise  be  found  by  inspection,  and  the 
orizontal  row  of  squares  will  serve  as  a  scale  for  the 
altitudes  of  bodies,  whose  seats  lie  in  that  row,  or 
both  plans  and  elevations  may  be  used,  as  in  Jig.  lO, 
plate  30, 

1.  Perspective  may  also  be  practised  without  hav- 
ing any  recourse  to  ground  plans ;  for,  by  taking 
the  horizontal  angles,  the  amplitudes  of  objects  are 
to  be  ascertained,  and  by  vertical  ones  their  heights 
and  depths  in  the  picture ;  the  angles  thus  taken 
may  be  entei^  in  a  table  of  this  form^ 


Vert. 

Up. 


Horizontal. 


I     I 


Left. 


Right. 


Vert. 

z 

Down. 


-  \ 


/ 
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In  protracting  which  angles  you  must  make  the 
distance  of  the  picture  radius^  and  lay  down  the  an- 
gles }gy  a  hue  of  tangents  adapted  to  that  radius^ 
which  is  therefore  best  done  by  means  of  the  sector ; 
or  more  expeditiously  by  the  fourth  method^  p.  459 ; 
for,  if  a  protractor  be  fixed  at  E'^,  ^g.  9,  plate  30, 
horizontal  angles  will  cut  the  ground  line  S  X  in  the 
same  places,  as  if  the  lines  forming  them  passed  over 
the  original  points  in  the  plan  ;  and  if  the  protractor 
be  fixed  at  e,  the  same  may  be  said  of  S  U  with  re* 
spect  to  elevations. 

Solid  bodies  may  also  be  put  into  perspective,  by 
drawing  lines  in  particular  directions,  as  from  the 
centre  of  a  circle,  or  of  concentric  ones,  and  finding 
the  representations  of  the  same,  raise  perpendiculars 
of  the  proper  heights^  always  supposing  the  bodies  to 
be  transparent,  ^g.  1 0,  plate  30. 

OF  SHADOWS. 

Luminous  bodies,  as  the  sun,  moon,  lamps,  &c« 
are  generally  considered  as  points ;  but  the  artist 
takes  the  advantage  of  their  not  being  perfectly  so, 
by  softening  the  extremities  of  his  shaaows,  which 
are  sb  softened  in  nature^  and  for  this  reason,  which 
may  be  thus  explained. 

Let  KSy^g.  11,  no.  2,  plate  31,  be  the  radius,  of 
a  luminous  body,  whose  seat  is  r  s,  and  centre  is  S ; 
from  the  opaque  body  O,  draw  x  r,  touching  the  ex- 
tremities of  both  the  bodies  on  both  sides,  by  which 
means  a  penumbra,  or  semi-shade,  q  x  n,  will  be 
formed  on  each  side  of  the  main  shadow,  which  be- 
comes extremely  tender  towards  the  outer  ex^tremity, 
and  from  thence  gradually  strengthens  till  it  blends 
with  the  uniform  shadow,  which  will,  if  the  diameter 
of  the  luminous  be  greater  than  that  of  the  opaque 
one,  measured  in  the  direction  of  their  centres,  con« 
verge  to  a  point,  as  w«,  ^g.  11,  plate  31. 

N*  B.  The  opaque  body  which  casts  the  shadow 
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is  called  the  shading  body  ;  and  those  that  are  im« 
mersed  in  the  shadow,  are  called  shadowed  bodies. 

Problem  Q.  ^  To  Jind  the  shadow  of  any  object 
upon  a  plane* 

Through  the  luminous  body  draw  planes  touching 
all  the  illumined  planes  of  the  object,  and  the  inter- 
sections of  these  planes  with  the  given  plane,  will 
give  the  boundary  of  the  shadow  required. 

Example  1  •  Let  the  luminous  point  be  the  sun, 
the  plane  of  projection  A  R  S  B,  Jig.  1 2,  plate  S I , 
and  the  object  the  parallelogram  A  B  C  D. 

The  sun*8  rays,  on  account  of  his  distance,  may 
be  supposed  parallel,  therefore  the  planes  O  R  A, 
OSB,  are  parallel;  and,  therefore,  since  CD  is 
parallel  to  B  A,  R  S  is  parallel  to  it  also,  and  the 
shadow  a  parallelogram,  whose  length  is  to  the 
height  of  the  object,  supposed  upright,  as  radius  to 
the  tangent  of  the  sun's  altitude ;  and  its  breath  as 
radius  to  the  sine  of  the  inclination  of  its  rays,  with 
B  A  the  base  of  the  parallelogram. 

Therefore  find  the  seat  of  one  of  the  rays,  as  O  R  A^ 
and  make  the  angle  ADR  equal  to  the  comple- 
ment of  the  sun*8  altitude,  and  make  the  parallelo- 
gram B  R,  and  the  thing  is  done. 

Example  2.     Let  the  luminous  body  be  a  lamp 

{>laced  at  O^Jig.  13^ plate  SX  ;  the  object,  a  paralle- 
ogram  A  B  C  D,  standing  upon  the  plane  A  R  S  D. 

Having  drawn  O  G  perpendicular  to  the  plan« 
ARSD,  andtheraysOBR,  OCS;  from  G,  the 
seat  of  the  lamp  on  the  plane  A  8,  draw  G  A  R^ 
GD  S,  intersecting  the  rays  O  B,  O  C,  in  R  and  S, 
and  ARSD  will  be  the  shade  required. 

Example  3.  Where  the  shadow  from  the  sun, 
&c.  passes  over  different  objects. 

Continue  the  sides  CADB  to  A',  A",  B',  B'', 
fcc.  jf?^.  14,  plate  31,  and  where  A  G,  B  H,  cut  th% 
body  GHIK,  draw  KGA^  IHB,  making  the 
angles  A'  G  A'',  B  H  B',  equal  to  the  inclination  of 
the  plane  G  [  to  G  B^  proceed  in  the  same  manner 
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with  every  new  plane  M  N ;  br  if  the  obiect  is  cupi 
vilinear,  tangents  will  always  pass  through  the  Jiner 
C  A^  and  D  B  respectively,  except  when  they  are 
perpendicular. 

Kr ample  44  Let  a  lamp  O/fig.  16,  plate  31^ 
throw  a  shadow  on  the  body  R  S  U  T,  and  let  Q  T  t 
be  the  central  line  of  the  shadow  from  the  parallelo<« 
gram,  AB,  upon  the  ground;  draw  Oi^,  Gu, 
parallel  to  Q  T,  and  from  T  to  O  P  draw  t  P,  touch- 
ing the  plane  U  S  of  the  body ;  from  P  draw  P  S  u, 
P  w  U,  cutting  the  extremities  of  the  shadow  in  U 
and  u,  and  w  U  u  S  will  be  the  shadow  of  A  B  upon 
the  ikce  U  S ;  proceed  in  like  manner  with  all  the 
other  illumined  faces. 

N.  B.  If  t  P  never  meets  O  P,  it  denotes  the  face 
of  the  body  to  be  parallel  to  A  B^  and  the  shadow  on 
that  face  to  be  a  parallelogram. 

The  shadows,  being  thus  ascertained,  may  be  put 
into  perspective  by  the  foregoing  rules^ 

Problem  10.  To  Jind  the  reflections  of  object  $ 
upon  polished  surfaces. 

Let  fall  a  perpendicular  upon  the  reflecting  pl^ne^ 
to  which  draw  a  radial  from  the  eye,  as  much  below 
the  horizontal  line,  as  the  real  object  appears  to  be 
above  it. 

Example  1.  Let  AB,  Jig.  IS^  plate  31,  be  any 
object  pUced  on  the  water ;  from  n  draw  B  b,  per- 
pendicular to  the  surface  A  b,  whicKcontinue  till  the 
angles  B  £  b  and  C  £  b  are  equal ;  that  is,  (£  b  being 
a  horizontal  line)  till  b  c  is  equal  to  b  B,  and  b  C  will 
be  the  reflection  of  A  B. 

Example  2.  When  objects  are  upright,  the  linesi 
may  be  produced  below  the  horizentaj  line,  as  much 
as  the  real  ones  are  above  it« 

OF  PARALLEL^  OR  MILITARt  I^RRSnCltVX. 

In  this  kind  of  projections^  the  eye  is  supposed 
to  be  placed  at  an  indefinite  distance  from  the  ob«- 

sH 
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jcct  in  the  daatgond^  and  lookiiig  down  upw  ill  in 
an  angle  of  4S%  so  that  the;  top,  on^  9\4»^  ^^d  on# 
end,  art  seen  und^  th^  awne  angle^  and  therefoco 
appear  in  their  true  proportions  with  respect  to  eadi 
other ;  and  therefor^  heights,  lejagths^  aud  bir^adths 
must  be  laidi  dpiva  hy  the  same  %^e,  and  all  paral^ 
kl  linea  made  parallel^  s^e^.  A,  plate  ao. 

Before  we  caa  give  rules  for  r^ulating  the  fot!ce 
of  lights  and  shades  ia  a  pictore>  we  must  CQwidef 
wh^t  degree  of  it  the  bodies*  tbemsehiea  are  eodued 
with,  accol^diBg  to.  their  several  posijkioi^s  witb  respect 
to  the  illuminating  body. 

Proposition  2.  The  intensity  of  Kght  upon  any 
plane  is  recippocaUy  a&  the  square  of  the  distance  of 
that  plane  from  the  iUniainating  body«. 

iet  ABCB> /^.  tO,  plat^  31,  bcitfae  shadoiw  of 
the  square  abed  upoa  a  plane  parallel  to«  it,  which 
projection  will  therefore  be  a  square,  and  in  proper- 
tion  to  abed  as  the  square  upon  O  A  to  that  upoa 
O II ;  therefore  since  the*  real  quantity  of  light  is.  the 
same  as  would  be  received  upon  AB.C]>,  the  inten^ 
sity  of  it  is  reciprocally  a&  the  square  u|k»  AB  to 
the  square  upon  ab,  or  as  the  square  O  A  ta  tiie 
square  0*a. 

For  example,  if  parallel  plaaea  are  at  the  distauce 
of  one,  two,  and  three  feet  firom  a  luminatts.  point, 
the  intensity  of  light  igDon  them  would  be  oae^  CNser 
fourth,  on«^-tQ»tlss  A:c* 

Corollary.    All  parallel  pkoes  are  equally  iUiuni-. 
Hated  by  the  sua  at  the  sapie  momeht. 
.    fWy  his  taya^ being  parallel,  Ule  squares  abed, 
and  AB C  D  are  equal. 

Proposition  A.  If  the  sun^s  beams  fall  perpendi- 
cular upon  oo^  %ce  A3j  J?g^  17>  pM^  3a,  gf  an 
object^  and  inclined  upon  another  A  C,  the  intensity 
of  light  on  the  fooes,  ia  as  radiu^  to  the  sine  of  the 
an&rle  of  incidence*. 
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Produce  A  B  to  b,  fhe  quantity  of  light'  A  b  re- 
ceives id  the  same  as  would  fee  received  on  A  C  if 
b  A  were  away ;  therefore  the  brightness  is  as  A  C 
to  A  b,  that  i^  the  brightness  of  AB,  or  Ab  is  to 
that  of  A  C  as  A  C  to  A  b,  or  as  radius  to  sine  of  the 
angle  of  incidende  A  C  b. 

Froposition  5.  A  plane  unifoimly  erihghtened 
does  not  appear  90  to  ati  eye  in  different  situations. 

For,  fits  all  bodies  are  porous,  the  little  exube- 
rances wilt  have  their  light  and  dark  sides,  and  the 
eye  will  view  more  of  the  former,  as  it  is  more  nearly 
situated  in  a  line  with  the  rays  of  light,  and  more  of 
the  latter,  the  more  it  faces  them. 

The  subject  of  this  proposition  is(  one  gteat  cause 
of  the  graduEttion  of  light  upon  the  fkces  of  buildings 
and  other  planes,  and  not  altogether  owing  to  a  great- 
er teint  of  air,  ad  the  artists  call  it,  on  that  part 
which  is  the  farthest  off. 

Remark.  It  is  very  necessary  to  observe,  that 
transparent  and  polished  bodies  are  not  included 
among  those  mentioned  in  this  proposition,  for  they 
seem  most  illuminated  in  that  part  which  maked  th^ 
angle  of  reflection  equal  to  that  of  incidence  ;  but 
if  bodies  of  this  kind  are  not  flat,  as  water  whea 
just  broken  by  small  rippling  waves,  then  the  light 
in  reflected  from  some  part  of  almost  every  wave,^  and 
so  is  extended  to  a  great  space,  but  is  strongest  per- 
pendicular under  the  luminary,  and  gradually  de- 
creases on  each  side. 

The  case  is  the  same  in  the  sky  which  is  brightest 
near  the  suns  apparent  place,  and  graduates  into 
a  deeper  assure  as  it  retires  farther  off,  and  for  a 
reason  nearly  the  same ;  for  the  pellucid  particles 
floating  above  us,  having  large  interstices  between 
them,  act  in  tlie  same  manner  as  the  rippling  waves 
in  disturbed  water;  and,  therefore,  the  more  ob- 
liquely the  light  strikes  upon  them,  the  more  united 
tberr  force  will  be  to  an  eye  situated  in  the  proper 
angle  of  reflection. 

2  H  a 


46s  OF  AERIAL   PERSPECTIVE. 

Proposition  6.  All  shades  and  shadowing  objects 
would  be  equally  dark  and  indistinguishable,  if  th^y 
received  no  secondary  or  reflected  light. 

For,  light  is  not  visible  itself,  but  by  striking  upon 
other  bodies  renders  them  so,  and  these  enlightened 
bodies  serve  as  lights  to  bodies  otherwise  in  shade, 
and  such  lights  are  called  secondary  or  reflected 
ones,  the  chief  of  which  is  the  sky. 

Proposition  7-     Every  body  participates  of  the 

colour  of  the  light  by  which  it  is  illumined ;  for, 

blue  rays  thrown  upon  a  yellow  body  will  produce  a 

^  green  ;  red  rays,  purple ;  and  purple  rays,  that  is, 

blue  and  red,  black. 

Corollary.  Hence  shadows  arc  often  observed 
green  in  the  morning  or  evening,  for  the  sky  is  al- 
ways very  green  at  those  times  compared  with  other 
tipics  of  the  day,  owning  to  the  warm  rays  being 
more  copiously  reflected  downwards  by  the  sun*$ 
beams  striking  more  obliquely  on  the  atmosphere, 
which^partly  acts  as  a  prism,  and  the  shadows  be^ 
^  come  more  blue,  as  the  sky  becomes  so ;  but  clouds 
are  of  all  colours,  and  as  they  are  denser  than  the 
blue  part  of  the  sky,  they  throw  stronger  reflections, 
and  cause  many  accidental  teints  in  the  shadows  of 
bodies ;  therefore,  as  the  shadow  of  every  body  is  par- 
tially enlightened  by  all  the  bodies  surrounding  it,  it 
must  partake  of  the  colours  of  all  of  them;  and  this 
is  the  grand  source  of  harmony  in  painting,  of  which 
system  the  colour  of  the  original  light^serves  as  a  key, 
and  is  to  be  attended  as  nicely  to  in  painting  as  in 
music. 

Proposition  8.  Bodies  partake  more  of  the  colour- 
of  the  sky,  as  they  are  farther  off. 

For,  the  sky  being  only  a  body  of  air  every 
where  surrounding  us,  its  natural  colour,  supposed 
to  be  blue,  the  farther  oft*  any  body  is,  the  more  of 
this  blue  air  is  intercepted  between  us  and  the  body, 
and  therefore  the  bluer  it  is,  and  that  in  proportion 
to  its  distance. 
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Various  have  been  the  methods  used  to  facilitate 
the  practice  of  perspective,  as  well  for  those  who 
understand,  as  those  who  are  ignorant  of  that  art ; 
and,  though  some  have  supposed  that  the  warmth 
of  imagination  and  luxuriance  of  fancy,  which  im- 
pels the  mind  to  the  cultivation  of  the  fime  arts,  is 
not  to  be  confined  to  mechanical  modes,  yet  upon 
inquiry  they  will  find,  that  the  most  able  and  accom- 
plished artists  are  often  obliged  to  have  recourse  to 
some  rules,  and  to  use  some  mechanical  contrivances 
to  guide  and  correct  their  pencil.  So  great  is  the 
difficulty,  and  so  tedious  the  operation  of  putting 
objects  in  true  perspective,  that  they  trust  mostly  to 
their  eye  and  habit  for  success ;  how  well  they  suc- 
ceed, we  may  decide  from  the  portraits  drawn  by 
the  best  artists',  and  the  diflerent  judgments  formed 
concerning  them .  Mr.  Eckhardt  has  well  observed, 
that  there  is  no  artist  who  will  be  hardy  enough  to 
say,  that  he  can  delineate  by  the  eye  the  same  object 
twice  wkh  exactness,  and  preserve  a  just  and  similar 
proportion  of  parts  in  each.  In  one  of  the  figures, 
we  shall  find  some  of  the  parts  larger  than  in  the 
other — both  cannot  be  right :  yet,  supposing  them 
perfectly  the  5ame,  neither  may  be  conformable  to 
nature.  Add  to  this,  many  situations  of  an  object 
occur,  which  no  eye,  however  habituated,  can  repre- 
sent with  accuracy. 

On  this  account,  I  have  a  long  time  endeavoured 
to  complete  an  instrument  that  should  give  the  out- 
line of  an  object  with  accuracy.  These  Essays  have 
now  swelled  so  far  beyond  my  intentions,  that  I  must 
be  as  concise  as  possible.  I  must,  however,  acknow- 
ledge the  valuable  hints  communicated  by  Mr.  JIcn* 
Tvoodf  and  other  ingenious  men. 

The  methods  most  generally  in  use  are.  1.  Tlie 
camera  obscura.     %  The  glass  medium  or  plane. 
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3.  A  frame  of  squares.  The  inconveniences  and 
inaccuracies  which  attend  these  expedients,  in- 
duced Sir  Cristopher  JVren^  Mr.  Ferguson^  Mr. 
Hirst  J  my  Father,  Mr.  Watt^  Mr.  Eckhardt,  Pere 
Toussainty  and  others^  to  have  recourse  to  different 
contrivances  to  remedy  their  defects;  of  which 
those  by  the  Rev.  Mr.  nirst,  my  Father ^Mr.  fVatt, 
and  Mr.  Eckhardt ,  are  undoubtedly  the  best;  Mr. 
Eckhardfs  and  Mr.  Hirst's  vary  but  little  from  each 
other. 

That  represented  at  ^g,  1  and  ^,  plate  S3,  ap- 
pears to  me  far  superior  to  any  that  have  been  hither* 
to  contrived ;  the  object  is  delineated  on  an  hori- 
zontal plane,  the  pencil  B,  may  be  moved  in  any 
direction,  whether  curved  or  straight,  with  the  ut- 
most freedom.  By  it,  the  artist  may  be  sure  of 
obtaining  the  measure  of  every  part  of  the  object 
with  exactness ;  and  this  is  performed  without  any 
loss  of  time.  The  instrument  may  be  moved  from 
any  plate,  and  brought  back  to  the  same  with  great 
exactness  ;  and  the  outline  may  be  formed  either  of 
a  number  of  points,  or  one  continued  line,  at  the 
pleasure  of  the  draftsman.*" 

That  represented  at^^-  2,  is  a  simple  instrument; 
it  moves  with  facility  in  every  direction,  and  the 
whole  operation  consists  in  looking  through  the 
sight  C,  which  may  be  placed  in  any  convenient 
situation,  and  movmg  the  pencil  B,  so  that  the 
apex  A  of  tht  triangle  may  go  over  the  object, 
whose  outline  will  be  delineated  at  the  same  time 
by  the  pencil  B. 

To  lessen  the  expence  and  render  the  instru- 
ment more  portable  I  have  constructed  an  instru- 

*  Fig.  1,  repr^enU  a  more  simple  and  useful  perspective  glass 
machine  than  the  one  referred  to  by  oar  author  in  the  fojooer 
editions  of  this  work;  this  machine  was  of  complex,  and  costly 
construction,  and  by  containing  many  wheels  and  joints  in  the 
framing,  the  young  practitioner  found  it  rather  inaccurate  and 
incommodious.    EnxT. 
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iMht  somewhat  sioiilAr  td  that  rspMented  ftt  J^.  ft^ 
btet  Which  tt!cr«%s  t>nly  iti  a  Vettttftl  pl&nt^  the  Inmhl 
on  which  the  drawing  is  m^Ae  being  lA  the  same 
{Jane  with  die  triangle. 

To  these  may  be  added  the  parallel  irttie>  afi4 
the  perspective  trompasse^.  The  distance  of  the 
fule  from  the  eye^  as  it  h^s  no  sights,  must  be  regu* 
lated  by  a  piece  of  thread  tied  tb  it,  and  held  between 
the  tfceth. 

Fig'  3»  plate  32^  is  a  pair  of  pocket  brass  perspec- 
tive compasses,  by  Mr.  JoneSj  that  have  been  found 
very  usefiil  and  convenient  for  taking  jhsadily  the 
Relative  proportions  of  buildings,  landscapes,  &c.and 
protracting  them  on  the  drawing.  A,  A,  are  the 
two  leg8»  made  of  small  tubes  about  six  inches  ia 
length ;  B,  B,  att;  two  sliding  legs  moving  to  dif-* 
ferent  distances  out  of  th^  tubes  A,  A ;  D  id  a 
sight  piece  with  a  small  hole ;  E,  £,  are  two  steel 
points  to  take  the  sights  by;  F,  F,  art  two  more 
smdll  steel  points  at  the  endft  of  the  ^liderk  to  tnark 
down  the  aistance  on  the  paper^  after  an  observa- 
tion ;  C  is  an  arc  with  teeth  fixed  oa  one  leg,  by 
which,  and  the  pinion  G,  the  ^her  leg  is  monNl  to 
the  proper  angle  while  observing.  This  ^fc  is  sdttte- 
times  divided  into  degrees,  and  otherwise  subdi* 
vided  by  a  set  of  figilres,  so  as  to  give  distanees  by 
inspection,  &c.  according  to  the  pleasure  of  the  pur- 
chaser. The  sight  C,  turns  down ;  the  sliders  B,  B^ 
go  inwards ;  the  arc  takes  off,  and  the  whole  packs 
into  a  small  narrow  case.* 


*  Fig.  1.  represents  a  perspectire  glass  plane,  so  mounted  that 
the  perspective  pictures  of  objects  may  be  taken  ia  a  true  and 
familiar  manner,  and  for  a  young  itudent  is  perhaps  the  best  of 
any  hitherto  contriTed.  A  represents  a  glass  plate,  of  about 
16  inches  high,  and  20  inches  broad,  or  of  any  other  suitable  or 
desired  dimensions,  fixed  iti  a  square  mahogany  frame,  and  con« 
nected  to  a  portable  table  B,  the  legs  of  which  ma^  either  be 
made  to  fold  down  or  take  out  of  sockets.  C  is  a  circular  thin 
plate  with  small  holes  of  difierent  sizes  for  the  eve  to  observe 
through  in  a  fixed  position ;  D  is  a  wooden  bar  for  the  arm  to  rest 
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on  while  the  hand  is  tracing  the  picture  on  the  glass.  The 
application  of  this  machine  is  too  evident  to  require  minute 
description,  it  is  only  necessary  to  remark,  that  the  observer  must 
keep  his  head  steady  whilst  he  draws  the  representation  of  the 
object  upon  the  elass  with  a  black  lead  pencil,  in  a  manner  as 
if  the  pencil  touched  the  object  itself. 

The  glass  must  be  previousljT  prepared,  by  covering;  it  with 
strong  gum  water,  which  when  dry  will  retain  the  pencil  traces, 
and  those  gone  over  with  a  pen  and  ink.  A  sheet  of  white  paper 
being  placed  on  the  glass,  the  picture  may  be  traced  there  as  with 
a  pencil,  and  afterwards  finished  by  the  proger  colours,  lights, 
ana  shades. 

The  sight  wheel  C,  has  in  some  machines  been  made  adjust-^ 
able  to  difibrent  distances  from  the  glass  A,  and  a  table  of 
figures  or  scale  applied  to  the  slider,  so  that  the  relative  propor-^ 
tions  of  the  diminutions  of  the  picture  may  be  determined 
previous  to  the  copying. 

Instead  of  a  glass  plane,  a  frame  of  square  lines  or  wires  about 
half  an  inch  in  the  squares,  as  represented  in  6g.  A,  plate  7,  has 
been  applied  by  some  artists,  and  transferred  from  observation  on 
paper  containing  a  similar  set  of  squares  drawn  with  pencil  on 
the  paper  for  the  delineation. 

Another  method  I  wish  to  suggest,  ay  preferable  to  any  for 
a  young  artist  objecting  to  the  trouble  of  the  copving  glass, 
is  to  apply  an  universal  jointed  tracing  point.  A,  fig.  3,  to  be 
moved  oy  hand  over  the  outlines  of  the  object,  while  the  eye  is 
at  C ;  a  small  pointed  pin  is  placed  nearly  under  the  tracing  point, 
so  that  anv  number  of  desired  points  may  be  readily  protracted 
or  marked  down  on  white  paper  fixed  on  the  table,  by  simply 
turning  dowi^  the  frame,  ^hich  may  be  made  to  move  on  hinges 
for  that  purpose. 

The  most  easy  and  fiuniiiar  Introduction  to  Perspective,  is  by 
James  Ferguson^  8vo. ;  and  MoUon^s  Young  Painter's  Maulstick, 
ito.  The  best  general  treatise  on  Perspective,  by  EdoMrdi^ 
second  edition,  ^to.  The  most  concise  mathematical  treatise,  by 
BrooJc  Taylor^  8vo.    Edit. 


FINIS. 
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ADDENDA, 


BY 


THE  EDITOR. 


As  this  treatise  is  designed  to  comprehend  a  ge- 
neral collection  of  the  most  approved  methods  of 
surveying.  I  think  the  foIlowii)g  method'  of  sur* 
veying  a  large  estfte  by  Mr.  Emersoti^  and  the  new 
method  of  surveying  and  keepidg  a  field  book  by 
Mr.  Rodham^  as  published  in  Dr.  HuttorCs  Matke^ 
matical  Dictionary,  2  vols.  4to.  ]  7q6,  will  be  of  real 
information  to  many  surveyors ;  and,  in  my  opinion^ 
as  deserving  of  practice  as  any  other  method  I  am 
acquainted  with. 

f 

^^   TO   SURVEY    A    LORDSHIP^   OR    LARGE    ESTATE   OF 

LAND. 

^'  If  the  estate  be  very  large^  and  contains  a  great 
number  of  fields,  it  cannot  be  done  by  surveying 
all  the  fields  singly^  and  theii  putting  them  together ; 
nor  can  it  be  done  by  taking  all  the  angles  and 
boundaries  that  inclose  it.  For  in  these  cases,  any 
small  errors  will  be  so  ipultiplied  as  to  render  it  very 
much  distorted. 

1.  Walk  over  the  lordship  two  or  three  times,  in 
prder  to  get  a  perfect  idea  of  it^  and  till  you  can 
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carry  the  map  of  it  in  your  head.  And  to  help 
your  memory,  draw  an  eye  draught  of  it  on  paper, 
to  guide  you^  or  .at  least  of  the  principal  parti 
of  it, 

2.  Choose  two  or  more  eminent  places  in  the 
estate  for  your  stations,  from  whence  you  can  see  all 
the  principal  parts  of  it ;  end  the  fewer  stations  you 
have  to  command  the  whole,  the  more  exact  your 
work  will  be ;  and  let  these  stations  be  as  far  distant 
from  one  another  as  possible ;  and  they  will  be  fitter 
for  your  purpose,  if  these  stationary  lines  be  in  or 
near  the  boundaries  of  the  ground,  and  especially  if 
two  lines  or  more  proceed  from  one  station. 

3.  Take  what  angles,  between  the  stations,  you 
tbink  necessary,  and  measure  the  distances  from 
station  to  station,  always  in  a  right  line;  the^e 
things  must  be  done,  till  you  get  as  many  angles 
and  lines  as  are  sufficient  for  determining  all  yotif 
points  of  station.  And  in  mcfasuriftg  any  of  these 
stationary  distances,  mark  accurately  where  these 
lines  meet  with  any  hedges,  ditches,  roads,  lanes, 
paths,  rivulets,  &c.  arid  where  any  remarkable  ob- 
ject is  placed,  by  measuring  its  distance  from  the 
stationary  line ;  and  where  a  perpendicular  from  it 
cuts  that  line.  And  always  mind,  in  any  of  thes^ 
observations,  that  you  be  in  a  right  line,  which  you 
will  know  by  taking  backlight  and  foresight,  akm^ 
your  stationary  line  ;  which  you  must  never  omit. 
And  thus  as  you  go  along  any  main  stationary  line, 
take  ofltetg  Id  tfee  ends  of  all  licdges,  tittd  to  any 
pond,  house,  mill,  bridge,  &c.  omitting  nothing 
that  is  remarkable,  and  all  these  things  must  be 
noted  down,  for  these  are  your  data,  by  which  the 
places  of  such  objects  are  to  be  determined  upon 
your  plan.  And  be  sure  to  set  marks  up  at  the 
intersections  of  all  hedges  with  the  stationary  line, 
that  you  may  know  wJiere  to^  measune  from,  when 
you  come  to  survey  these  particular  fields,  which 
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must  immediately  be  done,  as  soon  as  you  have 
measured  that  stationary  line,  whilst  they  are  fresh 
in  memory.  By  these  means  all  your  stationary 
lines  are  to  be  measured,  and  the  situation  of  all 
places  adjoining  to  them  determined,  which  is  the 
first  grand  pomt  to  be  obtained.  I  would  have 
you  lay  down  your  work  upon  paper  every  nighty 
when  you  go  home,  that  you  may  see  how  you 
go  on. 

4.  As  to  the  inner  parts  of  the  estate,  they  must, 
be  determined  in  like  manner  by  new  stationaiy 
lines.  For,  after  the  main  stations  are  determined, 
and  every  thing  adjoining  to  them ;  then  the  estate, 
must  be  subdivided  into  two  or  three  parts  by  new 
stationary  lines;  taking  inner  stations  at  proper 
places,  where  you  can  have  the  best  view ;  and 
measure  these  stationary  lines  as  you  did  the  first, 
and  all  their  intersecticHM  with  hedges,  and  all  oflf- 
sets  to  such  objects  as  appear ;  then  you  may  pro- 
ceed to  survey  the  adjoining  fields^  by  taking  the 
angles  that  the  sides  make  with  the  stationary  line, 
at  the  intersections,  and  measuring  the  distances  to 
each  corner,  from  the  intersections.  For  every  ^ 
stationary  line  will  be  a  basis  to  all  the  future  opera- 
tions ;  the  situation  of  all  parts  being  entirely  de- 
pendent thereon ;  and  therefore  they  should  be 
taken  as  long  as  possible;  and  are  best  to  rua 
along  some  of  the  hedges  or  boundaries  of  one  or 
more  fields,  or  to  pass  through  some  of  their  angles. 
All  things  being  determined  for  these  stations,  you 
must  take  more  inner  stations,  and  continue  to  di- 
vide and  subdivide ;  till  at  last  you  come  to  single 
fields ;  repeating  the  same  work  for  the  inner  sta- 
tions, as  for  the  outer  ones,  till  all  be  done.  And 
close  the  work  as  oft  as  you  can,  and  in  as  few 
lines  as  possible.  And  as  it  may  require  some  judg- 
ment to  choose  stations  the  most  conveniently,  so  as 
to  cause  the  least  labour;  let  the  stationary  lines 
run  as  far  as  you  can  along  some  hedges,  through 
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as  many  corners  of  the  fields^  and  other  remarkable 
points  as  you  cab.  And  take  notice  how  one  field 
lies  by  another ;  that  you  may  not  misplace  them  in 
the  draught. 

5.  An  estate  may  be  so  situated^  that  the  whole 
cannot  be  surveyed  together ;  because  one  part  of 
the  estate  cannot  be  seen  from  another.  In  this 
case,  you  may  divide  it  into  three  or  four  parts^  and 
survey  the  parts  separately,  as  if  they  were  lands 
belonging  to  difierent  persons ;  and  at  last  join  tliem 
together. 

6.  As  it  is  necessary  to  protract  or  lay  down  your 
work  as  you  proceed  in  it,  you  must  have  a  scale 
of  a  due  length  to  do  it  by.  To  get  such  a  scale, 
you  must  measure  the  whole  length  of  the  estate  in 
chains ;  then  you  must  consider  how  many  inches 
long  the  map  is  to  be;  and  from  these  you  will 
know  how  many  chains  you  must  have  in  an  inch, 
and"  make  your  scale,  or  choose  one  already  made 
accordingly. 

7.  The  trees  in  every  hedge  row  must  be  placed  in 
their  proper  situation,  which  is  soon  done  by  the  plain 
table ;  but  may  be  done  by  the  eye  without  an  instru- 
ment ;  and  being  thus  taken  by  guess,  in  a  rough 
draught,  they  will  be  exact  enough,  being  only  to 
look  at ;  except  it  be  such  as  are  at  any  remarkable 
places,  as  at  the  ends  of  hedges,  at  stiles,  gates,  &c. 
and  these  must  be  measured.  But  all  this  need  not 
be  done  till  the  draught  be  finished.  Andobser\''e 
in  all  the  hedges,  what  ^ide  the  gutter  is  on,  and  to 
whom  the  fences  belong.      ^ 

8.  When  you  have  long  stations,  you  ought  to 
have  a  good  instrument  to  take  angles  with,  which 
should  be  exact  to  a  quarter  of  a  degree  at  least ; 
and  hardly  any  common  purveying  instrument  will 
come  nearer.  And  though  the  plain  table  is  not  at 
all  a  proper  instrument  to  survey  a  whole  lordstiip 
with,  yet  it  may  very  properly  be  made  use  of  to  take 
the  several  small  intems^l  parts ;  and  such  as  cannot 
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be  taken  from  the  main  stations ;  and  is  a  very  quick 
and  ready  instrument.* 

Ejtample^  Walking  over  the  lordship^  I  pitch 
upon  the  four  stations  A^  B,  C^  D,  Jig.  1,  plate  93, 
from  which  I  can  command  the  greatest  part  of  it, 
there  I  set  up  marks.  Then  I  measure  along  AB, 
which  is  a  right  line,  and  the  boundary  on  one' side 
of  the  land.  In  measuring  along,  I  set  down  the 
distances  measured,  when  I  come  at  the  corners  of 
the  fields  a,  a,  a^  a,  where  the  hedges  come  in,  and 
likewise  where  I  cross  the  brook  b  b.  Then  having 
got  to  B,  I  set  down  the  whole  length  of  A  B. 

Next  I  measure  from  B  to  C,  and  in  my  way,  I 
set  down  how  far  I  have  measured  when  I  cross  the. 
hedges  at  c,  c,  c,  c  ;  and  likewise  where  I  cross  the 
brook  b  b  again.  Thus  I  measure  forward  till  I  come 
at  C,  and  then  I  set  down  the  length  of  the  sta- 
tionary line  B  C. 

After  the  same  manner  I  measure  along  the  sta* 
tionary  line  C  A,  observing  to  set  down  the  inter- 
sections with  the  hedges,  as  before  ;  till  I  come  at 
A,  where  I  set  down  the  length  of  C  A.  Then  the 
three  points,  A,  B,  and  C,  are  determined;  and  may 
be  laid  down  in  the  plan ,  and  all  the  foresaid  points. 

Being  come  to  A  again,  I  go  from  A  towards  B, 
and  in  my  way  I  surVey  every  single  field  adjoining 
to  the  stationary  line  A  B.  To  do  which  the  shortest 
way,  I  take  the  angles  at'  every  intersection  a^  that 
the  sides  of  each  field  make  with  the  stationary  line 
A  B  ;  and  then  I  measure  their  lengths  ;  by  which 
every  field, is  easily  laid  down.  In  the- same  manner 
I  proceed  from  B  to  C,  and  measure  every  field  ad- 

*  The  angles  by  this  method  require  to  be  taken  very  correct- 
ly $  and,  as  instruments  are  now  constructed  with  an  extraordi-* 
nary  degree  of  perfection,  to  a  skilful  observer  the  angles,  how- 
ever numerous^  <;an  be  of  no  reasonable  objection ;  for,  the  chain 
itself,  and  oftentimes  the  manner  of  using  it,  may  create  as 
many  errors  as  might  be  found  by  taking  a  multitude  of  angles 
by  the  thepdolite,  &c. 
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joining  to  B  C     And  then  I  go  to  A^  and  measare 
every  field  in  my  way  thither. 

hfext  I  go  from  A  towards  D,  and  set  down  as  be- 
fore, all  my  crossings  of  the  hedges  ;  and  the  length 
A  Dy  when  I  come  at  D.  And  in  like  manner  I  mea- 
sure along  D  C,  setting  down  all  the  crossings  of 
the  hedges  as  before,  with  whatever  else  is  reraark- 
aUe,  as  where  a  highway  crosses  at^. 

Having  finished  all  the  main  stations,  we  must 
begin  to  make  inner  stations.  Therefore  I  take  F 
and  G  for  two  stations,  being  in  the  lines  A  B  and 
B  C,  the  hedges  from  F  to  G  running  almort 
straight ;  then  I  measure  from  F  towards  G,  and  at 
jT,  I  find  a  hedge  going  to  the  left,  and  going  on  to^, 
I  find  another  hedge  going  to  the  right ;  and  at  //,  I 
cross  the  burn.  At  t,  there  is  an  angle^  to  which  I 
make  an  offset.  Going  on  further,  I  come  at  a  cross 
hedge  /,  going  to  the  right ;  and  then  measure  on 
to  G,  the  end  of  the  station.  Now  in  going  from  F 
to  G,  we  can  take  all  the  angles  that  the  sides  of  the 
fields  make  with  the  stationary  line  F  G,  and  then 
measure  their  lengths ;  by  which  these  fields  may  be 
laid  down  on  paper. 

Then  I  take  another  inner  station  at  I,  and  mea*- 
suring  from  A  to  (?,  I  come  to  tlie  opposite  comer 
of  the  field  ;  then  measuring  on  to  p,  I  cross  a 
hedge ;  then  I  proceed  to  my  station  I.  Then  I 
measure  from  I  to  F,  and  take  an  offset  to  n,  where 
the  hedge  crosses  the  brook.  Then  I  come  to  the 
comer  of  the  last  field  at  m  ;  and  then  measure  to 
tlie  opposite  corner  at  F,  the  other  station.  In  your 
going  from  A  to  I,  you  may  take  the  angles  that  the 
hedges  make  with  your  stationary  line  A  I,  and 
measure  these  hedges,  and  then  they  may  be  laid 
down.     And  the  like  in  going  from  I  to  F. 

All  this  being  done,  take  a  new  station  H,  and 
measuring  from  B  towards  H,  all  the  hedges  lie  al- 
most ia  a  right  line.  So  going  along  we  come  at 
a  cross  hedge,  and  going  further  we  come  at  a  tree. 
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in  the  h«c|g<9  we  measuvQ  ^long ;  going  further  we 
eonie  e^i,  two  oth^r  cro&9  hedges ;  and  a  piece  further 
vf^  cTOQ$  th:e  brook ;  goinj^  on  we  come  at  a  cros$ 
hedge ;.  going  on  stUl^  we  conie  to  another  cross 
hedge ;  aU  these  hedges  ^re  to  be  left.  Then  going 
on  stiU  further,  we  hsive  a  windmill  to  the  right ; 
and  afterwards  a  cross  hedge  to  the  left,  and  then  we 
measure  on  to  the  station  H*  Then  measuring  from 
H  towards  C,  we  have  a  liouae  on  the  left ;  and  then 
go  on  to  C.  And  the  fields  may  be  all  surveyed  as 
yoYi  go  along  B  H  and  H  C,  and  tl^en  laid  down* 
And  after  this  manner  you  wiust  proceed  through  the 
who)e>  takiiig  new  stations  till  all  be  done.** 

Mr.  Jobn  Rodham's  new  method  of  surveying, 

WITH  THE  PLAN  OF  THE  FFBLD-BOOK,  plate  34, 

'^  The  field-book  is  ruled  into  three  columns.  In 
the  middle  one. are  set  down  the  distances  on  the 
chain  line  at  which  any  mark^  ofiset,  or  other  obaer^ 
vation  is  made  ;  and  in  the  right  and  left  hand  co* 
lumns  are  entered  the  offaeta  and  observations  made 
on  the  right  and  lift  liand  respectively  of  the  chain 
line. 

It  is  of  great  aidvantage,  both  for  brevity  and 
pefspicuity>  to  begin  at  the  bottom  of  the  leaf  and 
write  upwarda;.  danoting  the  crossing  of  fences^ 
by  lines  drawn  across  the  middle  column^  or  only 
a  part  of  su^  a  line  on  the  right  and  left  opposite 
the  figures^  to  avoid  confusion ;  and  the  corners  of 
fields,  and  other  remarkab^  turns  in  the  fences  where 
ofiteta  are  taken  to^  by  lines  joining  in  the  manner 
tbe  fences  do,  as  will  be  bes.t  seen  by  comparing  the 
book  with  the  plan  annexed  to  the  field-book,  as 
shewn  in  plate  34. 

The  marks  called,  a,  by  c,  &c  are  best  made  in 
the  fields,  by  making  a  small  hole  with  a  spade, 
and  a  chip  or  small  bit  of  wood,  with  the  particular 
letter  upon  it^  may  be  put !%  to  prevent  one  mark 
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being  taken  for  another^  on  any  return  to  it  But 
in  general,  the  name  of  a  mark  is  very  easily  had 
by  referring  in  the  book  to  the  line  it  was  made  in. 
After  the  small  alphabet  is  gone  through,  the  capi- 
tals may  be  next,  the  print  letters  afterwards^  and 
so  on,  which  answer  the  purpose  of  so  many  dif- 
ferent letters ;  or  the  marks  may  be  numbered. 

Tlie  letter  in  the  left  hand  corner  at  the  beginning 
of  every  line,  is  the  mark  or  place  measured yi'om ; 
and,  that  at  the  right  hand  comer  at  the  end,  is 
the  mark  measured  to;  but  when  it  is  not  convenient 
to  go  exactly  from  a  mark,  the  place  meastired 
from,  is  described  st^h  a  distance  from  owe  mark  to- 
wards another;  and  where  a  mark  is  not  measured 
to,  the  exact  place  is  ascertained  by  saying,  turn  to 
the  right  or  left  hand,  such  a  distance  to  such  a  mark, 
it  being  always  understood  that  those  distances  are 
taken  in  the  chain  line.       . 

The  characters  used,  arc  f  for  turn  to  the  right 
hand  J ']  for  turn  to  the  left  hand^  and  a  placed  over 
an  offset,  to  shew  that  it  is  not  taken  at  right  angles 
with  the  chain  line,  but  in  the  line  with  some 
straight  fence;  being  chiefly  used  when  crossing 
their  directions,  and  it  is  a  better  way  of  obtaining 
their  true  places  than  by  offsets  at  right  angles. 

When  a  line  is  measured  whose  position  is  deter- 
mined either  by  former  work  (as  in  the  case  of  pro- 
ducing a  given  line,  or  measuring  from  one  kpown 
place  or  mark  to  another)  or  by  itself  (as  in  the  third 
side  of  a  triangle)  it  is  called  a  fast  line,  and  a  dou- 
ble line  across  the  book  is  drawn  at  the  conclusion  of 
it ;  but  if  its  position  is  not  determined  (as  in  the 
second  side  of  a  triangle)  it  is  called  a  loose  line,  and 
a  single  line  is  drawn  across  the  book.  When  a  line 
becomes  determined  in  position,  and  is  afterwards 
continued,  a  double  line  half  through  the  book  is 
drawn. 

When  a  loose  line  is  measured,  it  becomes  abso- 
lutely necessary  to  measure  some  line  that  will  de- 


/ 
KBITH'»  IMPKOVSD  FABAlLSL  SCALE.        481 

termine  its  position.  Thus^  the  first  line  a  A,  being 
the  base  of  a  triangle^  is  always  determined ;  but  the 
position  of  the  second  side  hjf  does  not  become  de- 
termined, till  the  third  side  j  b  is  measured ;  then 
the  triangle  may  be  constructed^  and  the  position  ot 
both  is  determined. 

At  the  beginning  of  a  line^  to  fix  a  loose  line  to  the 
mark  or  place  measured  from,  the  sign  of  turning  to 
the  right  or  left  hand  must  be  added  (as  at  j  in  the 
third  line  ;)  otherwise  a  stranger,  when  laying  down 
the  work,  may  as  easily  construct  the  triangle  hjb 
on  the  wrong  side  of  the  line  a  hi  its  on  the  right 
one :  but  this  error  cannot  be  fallen  into,  if  the  sign 
above  named  be  carefully  observed. 

In  choosing,  a  line  to  fix  a  loose  one,  care  must 
be  taken  that  it  does  not  make  a  very  acute  or  obtuse 
angle ;  as  in  the  triangle  p Br,  by  the  angle  at  B 
being  very  obtuse,  a  small  deviation  from  truth,  even 
the  breadth  of  a  point  at  p  or  r,  would  make  the  error 
at  B,  when  constructed,  very  considerable ;  but  by 
constructing  the  triangle  ^  B  j*,  such  a  devis^tion  is 
of  no  consequence. 

Where  the  words,  leeeoe  off,  are  written  in  the 
field-book,  it  is  to  signify  that  the  taking  of  offsets 
is  from  thence  discontinued ;  and  of  course  some^ 
thing  is  wanting  between  that  and  the  ne:^t  offset*** 

MR.   KErrtt'S   IMPROVED  FARALLEl.   SCALB. 

Mr.  Thomas  Keith,  teacher  of  the  mathematics^ 
has  considerably  improved  the  German  parallel  ruler^ 
Of  that  of  Mr.  Marquois,  see  pages  26  and  27.  By 
making  the  hypothenuse,  and  the  perpendicular  line 
to  it  from  the  opposite  angle,  in  the  ratio  of  4  to  1^ 
and  adding  several  scales,  &c.  its  uses  «re  cohsideiw 
ably  extended  for  drawing  plans  of  fortificati<mft»  aild 
other  branches  of  the  mathematics. 

Fig.  2,  3,  4,  and  5,  ptate  33,  represent  the  two 
faces  of  die  ruler,  and  the  triangle  of  half  the  real 
dimensions. 

3l 


482  Keith's  improvid 

The  slider  is  a  right-angled  triangle^  the  perpen* 
jdieufar  is  divided  into  inches  and  tenths^  and  the 
base  has  three  indices,  and  other  divisions  requisite 
to  be  used  with  the  scale. 

The  ruler  contains  l6  different  scales,  which,  by 
the  help  of  the  slider  may  be  increased  to  20,  with- 
out guessing  at  halves  and  quarters.  The  figures  on 
the  one  end  shew  the  number  of  divisions  to  an  inch, 
and  the  letters  on  the  other  end  are  necessary  to  ex- 
emplify its  use.  It  likewise  contains  the  names  of 
the  polygons,  the  angles  at  their  centres,  and  a  scale 
of  chords  by  which  all  polygons  may  be  readily  con- 
structed. 

rrs  USE  AS  a  common  parallel  ruler. 

To  draw  a  line  parallel  to  the  slider.  Lay  the  hy- 
pothenuse,  or  sloped  edge  of  the  triangle  in  the  po- 
$ition  you  intend  to  have  your  line,  place  the  scale 
against  the  base  of  the  triangle,  and  draw  a  line  along 
the  slope  f^dge,  keep  the  scale  fixed,  and  move  the 
slider  to  the  left  or  right  hand,  according  as  you 
want  a  parallel  line  above  or  below  the  other. 

To  draw  a  line  parallel  to  the  scale.  Lay  the  scale 
\n  the  position  you  intend  to  have  your  lines,  and 
draw  a  line  along  the  edge  of  it.  Place  the  base  of 
the  triangle  against  this  edge,  the  middle  index 
standing  at  O  on  the  scale,  and  make  a  mark  against 
anyone  division  on  the  perpendicular ;  turn  the  tri- 
angle the  other  side  uppermost,  and  make  a  mark 
against  the  s^me  division  ;  join  these  marks,  and 
^his  line  will  be  parallel  to  the  former.  The  sama 
may  be  done  by  sliding  the  triangle,  without  turning 
it,  if  thef  lines  are  not  required  to  be  very  long. 

To  draw  a,  line  pai^aUel  to  the  slider  at  a 
great  distance.  Draw  a  line  along  the  slope  edge  of 
the  triangle,  and  fix  the  scale  as  before,  make  a  mark 
against  %  on  the'  perpendicular ;  the  index  being  af 
O^  turn  the  triangle  the  other  side  uppermost,  and 
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make  a  mark  against  the  same  division,  take  away 
the  triangle,  and  move  the  scale  to  these  marks,  apply 
the  triangle  again ;  proceed  thus  till  you  have  got 
the  proper  distance,  then  draw  a  line  along  the  slop^ 
edge,  and  it  will  be  parallel  to  the  former. 

To  draw  a  line  parallel  to  the  scale  at  a  great  dis- 
tance. Draw  a  line  along  the  edge  of  the  scale, 
place  the  base  of  the  triangle  against  that  edge,  the 
middle  index  being  at  O,  and  make  a  mark  against 
2  on  the  perpendicular ;  turn  the  triangle  the  other 
side  uppermost,  and  make  a  mark  against  the  same 
division ;  take  away  the  triaiigle,  and  move  the  scale 
to  these  marks  ;  proceed  thus  till  you  have  got  the 
proper  distance,  then  draw  a  line  along  the  scale, 
and  it  will  be  parallel  as  required. 

ITS   USB   IN   ERECTING   PERPENDICULARS. 

If  a  line  is  wanted  perpendicular  to  the  scale,  ap« 
ply  the  base  of  the  slider  to  it,  and  draw  a  line  from 
the  scale  along  the  perpendicular  of  the  triangle ; 
should  a  longer  perpendicular  be  wanted,  apply  the 
perpendicular  of  the  triangle  to  the  scale,  and  draw 
a  line  along  the  base. 

If  a  perpendicular  is  wanted  to  a  line,  which  has 
been  drawn  along  the  hypothenuse  of  the  triangle, 
keep  the  scale  fixed,  and  apply  the  hypotlienuse  of 
the  triangle  to  it,  then  draw  a  line  along  the  perpen- 
dicular of  the  triangle. 

ITS   USE   IN   CONSTRUCTING  POLYGONS. 

Having  made  choice  of  any  one  scale,  take  the 
aide  of  your  polygon  from  it.  Take  the  degrees 
under  the  name  of  your  polygon,  and  subtract  them 
from  180;  at  e^ch  end  of  tlie  above  side  of  your  po- 
lygon, make  angles  equal  to  half  the  remaiftder,  and 
the  distance  from  the  intersection  of  the  lines,  which 
f/Km  the  angles,  to  either  end  of  the  side  of  your 
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jjolygon,  will  give  the  radius  of  its  circumscribing 
circle. 

Or,  the  three  anglesj^  and  one  side  being  given  of 
a  triangle,  the  radius,  or  remaining  sides,  may  be 
found  by  the  rules  of  trigonometry, 

ITS  USE  IN  DRAWING  PARALLEL  LINES  AT  ANY  GIVEN 
DISTANCE,  ^yiTMOUT  THE  ASSISTANCE  QF  A  PAIH 
OF   COMPASSES. 

If  the  side  of  your  polygon  was  taken  from  the 
fcale  C.  Move  the  slider  from  O  to  1,  2,  3,  &c.  on 
the  scale  I),  ^nd  you  will  draw  a  parallel  line  of  the 
width  of  1,2, 3,  &c.  divisions  on  thescftle  C^  lliis 
^ale  is  20  fathoms  to  an  inch. 

In  1^  simile  planner  th^  scales  G,  jL,  and  P^  are 
to  be  used. 

If  the  side  of  your  polygon  was  taken  from  th^ 
^cale  C,  calling  the  divisions  two  each.  Move  the 
slider  from  O,  on  the  3cale  A,  to  1,  2,  3,  &c.  on  the 
same  scale,  and  you  wilt  draw  a  parallel  line  of  half 
the  width  of  1,2,  3,  &c,  divisions  on  the  scale  C, 
This  scale  is  40  fathoms  to  an  inch. 

Similar  instruction^  may  be  applied  to  the  scales 
G,  L,  and  P,     ' 

i/'  the  side  qf  your  polygon  was  taken  from  the 
scale  C,  calling  the  divisions  three  each.  When  the 
middle  index  stands  at  O,  the  divisions  marked  C  on 
the  slider  will  make  straight  lines  with  5  and  6  on 
the  scale  D.  ^y  moving  the  slider  to  the  fight  or  lef^ 
till  the  other  divisions  thereon  make  straight  Hne^ 
successively  with  5,  6,  &c.  you  will  draw  a  parallel 
line  of  one-third  of  the  wiJth  of  1,2,  3,  &c.  divi- 
sions on  the  sc^le  C,    This  scale  is  6o  fathoms  to  an 

inch. 

Similar  directions  must  be  observed  in  using  the 
scales  G,  L,  and  P. 

If  the  side  of  your  polygon  was  takep  from  the 
sfale  A.  Move  the  slider  from  O,  to  1  ^  2,^  5,  &c.  oi^ 
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Ihe  dcale  B^  And  you  will  draw  a  paraliel  line  of  the 
width  of  1  ^  2,  3,  &Q.  divisions  on  the  scale  A.  This 
fecale  is  10  fathoms  to  an.  inch* 

Similar  dii^ections  must  be  observed" in  using  the 
acales  £,  I^  and  N& 

If  the  itdt  of  jfotf r  polygon  was  taken  from  the 
scale  Dv  Move  the  slider  from  O,  to  2, 4,  o,  &c.  on 
the  scale  B^  alid  you  will  draw  a  parallel  line  of  the 
width  of  1^2, 3^  &C4  divisions  on  the  scale  D.  This 
scale  is  five  fathoms  to  an  inch. 

In  making  use  of  H,  M^  and  Q,  similar  directions 
must  be  observed. 

Note^  There  is  no  absolute  necessity  for  always 
moving  the  slider  from  O,  and  it  may  be  used  either 
side  uppermost.  Any  one  of  the  three  indices  may 
likewise  be  made  use  of,  &c. 

To  render  the  scale  still  more  perfect,  Mr.  Keith 
has  made  the  following  additions* 

l4  The  divisions  on  the  scale  A,  and  the  fourth 
scale  from  A,  have  been  subdivided  for  the  purpose 
of  constructing  sections,  &c.     Ten  of  the  divisions 
on  the  scale  A  make  one  inch ;  if,  therefore,  you  call 
these  divisions  six  each>  the  small  divisions  on  the 
same  scale,  nearest  to  the  left  hand>  will  be  one  each; 
if  you  call  the  large  divisions  on  the  scale  A,  five^ 
four,  or  three  each,  then  the  sets  of  smaller  divisions 
in  a  successive  order  from  the  left  hand  division 
above-mentioned,  towards  the  right,  will  be  one  each^ 
2«  Five  of  the  divisions  on  the  fourth  scale  from 
the  edge  make  an  inch :  if,  therefore,  you  call  these 
divisions  3,  5,  7>  9i  or  ll  each,  then  each  of  the 
sets  of  small  divisions,  from  the  left  hand  toward^^ 
the  rights  will  be  subdivided  into  parts  of  one  eacb^ 
Thus  you  have  a  scale  divided  into  2^,  5,  10,  15^^ 
20,  25,  30,  35,  40,  43,  50,  55,  and  60  equal  parts  tb 
an  inch,  exclusive  of  the  scales  on  the  three  othei* 
edges  of  the  ruler* 

3.  The  line  P  on  the  slider  stands  for  polygons ; 
iBi,  radius ;  the  figures  in  this  line  being  the  radii 
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of  the  several  polygons  under  which  they  stand,  the 
side  befng  180  toises  in  each.  If  the  side  of  your 
polygon  be  different  from  180  toises,  say,  as  180 
toises  are  to  the  radius  under  the  number  of  sides 
your  polygon  contains,  so  is  the  side  of  your  polygon 
to  its  radius.  Ex.  What  is  the  radius  of  an  octa- 
gon, the  exterior  sides  being  120  toises?  as  180 
:  23i5  •  18  ::  120  :  156  •  78  Ans.  The  remaining 
lines  are  to  be  read  thus — ^The  English  foot  is  to  the 
French  foot  as  107  is  to  114,  or  as  1  is  to  1.065,  a 
toise  six  French  feet,  a  fathom  six  English  feet* 
The  English  foot  is  to  the  Rhynland  foot  as  971^ 
is  to  10000;  the  Rhynland  foot  is  to  the  French 
foot  as  1033  is  to  1o6b  t  the  Rhynland  rod  is  12 
Rhynland  feet. 

It  may  notbe  amiss  to  remark,  that  either  the 
scale  or  the  slider  will  erect  a  perpendicular  instan- 
taneously, for  the  long  divisions  across  the  scale 
make  right  angles  with  Uie  edges, 

OF  THE   GUNKXrV  CALLIPERS,  OR   COMPASSES. 

This  article  is  generally  included  in  the  mi^azine 
case  of  instruments  for  the  military  officer,  or  engi- 
neer ;  is  a  very  useful  mathematical  instrument  in 
the  artillery  service,  and,  as  its  description  was  omit^ 
ted  by  our  late  author,  I  have  taken  the  opportunity 
of  inserting  some  account  of  ithere. 

The  priticipal  uses  of  this  instrumefit  are  to  take 
the  diameters  of  common  shot,  the  bore  or  caliber  of 
a  piece  of  ordnance,  estimate  the  weight  <^  shot, 
quantity  of  powder,  &c.  for  guns  of  given  dimen- 
sions, and  other  particulars  in  practical  gunnery. 

Fig.  6  and  7>  are  the  representations  of  the  two 
faces  of  the  callipers  marked  A,  B,  C,D.  They 
consist  of  two  thin  fiat  brass  rulers  moving  on  a 
joint,  curved  internally  to  admit  the  convex  figure  of 
a  ball,  whose  diameter  is  to  be  taken  by  the  points  at 
the  end  A ;  these  points  are  of  steel,  to  prevent  muck 
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wear.  The  rulers  are  made  froiii  six  to  12  inches  in 
length  from  the  centre,  according  to  the  number  of 
lines  and  tables  to  be  engraved  upon  them.  The 
usual  length  for  pocket  cases  is  six  inches,  the  scalel 
upon  which  I  shall  now  describe. 

On  Fig.  6,  ruler  A,  is  contained^  i.  A  scale  of 
inches,  divided  into  tenths,  and  continued  to  12 
inches  on  th6  ruler  B« 

2.  A  table  shewing  the  quantity  of  powder  neces^ 
sary  for  charging  tlie  chambers  of  brass  mortars  and 
howitzers. 

3.  On  the  ruler  B,  is  a  line  marked  Inches,  be^ 
ginning  from  the  steel  point,  for  giving  the  diame- 
ters of  the  calibers  of  guns  in  inches. 

4.  A  line  marked  Guns,  x:ontiguous  to  the  preced-, 
ing,  shewing  the  nominal  pounders,  or  weight  of 
shot  for  the  respective  bores  of  the  guns  in  inches. 

5.  On  the  semi-circular  head  of  the  rule  is  a  semi-^ 
circle  divided  into  degrees,  figured  in  contrary  direc- 
tions, to  measure  angles  by,  and  give  the  elevation  of 
cannon,  &c. 

6.  Next  to  the  preceding,  is  a  circular  scale 
marked  Shat  Diameters,  which,  with  the  chamfered! 
edge  marked  Index,  shews  the  convex  diameter  in 
inches  of  a  shot,  or  other  object  placed  between  the 
points..  The  quadrant  part  of  the  joint  prevents  this 
being  represented  in  the  tigure. 

On  the  other  face  of  the  callipers^  C  and  D,  jig* 
J,  are  engraved. 

7.  On  the  ruler  C,  a  table  marked  Brass  Guns, 
shewing  the  quantity  of  powder  necessary  for  the 
proof  and  service  charges  of  brass  guns. 

8.  The  line  of  lines,  marked  Lin. 

g.  Two  circular  scales  on  the  head  of  the  ruler^ 
marked  Shot,  shewing  the  weights  of  iron  shot,  at 
taken  by  the  points  of  the  callipers. 

On  the  ruler  D,  besides  another  corresponding 
line  of  lines. 

10.  A  table  shewing  the  qitantitgr  of  powder  ne* 
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cessary  for  proof  and  service  charges  of  iron  guni^ 
from  4-  to  42  pounders. 

1 1 .  To  these  are  sometimes  added  various  figures 
•f  a  circle,  cube,  See.  with  numbers. 

1 2.  A  table  of  the  weignts  and  specific  gravities 
of  a  cubic  foot  of  various  metals^  ivory,  wood,  wa-* 
ters^  &c« 

EXPLANATION  OF  THS   LIN£S  AND  TABLES. 

1  •  The  line  of  inches,  graduated  contiguous  to  the 
exterior  edges  of  the  sides  A  dnd  B,  ^.  6^  when 
opened  to  a  straight  line,  makes  a  measure  of  12 
inches  and  tenths  for  the  purpose  of  a  common  rule. 

2.  The  table  shewing  the  quantity  of  powder  ne- 
cessary for  mortars  and  howitzers.  This  table  is 
adapted  for  both  sea  and  land.  Thus,  by  inspection 
merely  is  shewn  that  a  1 3-inch  brass  mortar  at  sea 
requires   30  pounds   of  powder;  by  land  only  lO 

Eounds.     Mortars  and  howitzers  under  10  inches 
ave  only  the  land  quantities  inserted. 

3.  Tlie  line  of  inches  for  concave  diameters.  It 
CO  mmences  from  the  steel  point  at  2  inches,  and  con- 
tinues on  to  10. inches,  and  is  subdivided  to  halves 
and  quarters*  When  used,  the  legs  are  placed  across 
each  other,  and  the  steel  points  brought  to  a  contact 
with  tl  e  internal  concave  surface  of  the  gun,  at  thft 
diametiioal,  or  greatest  possible  distance ;  the  calli- 
pers then  being  taken  out,  and  inspected  where  in 
the  scsde  one  external  edge  of  the  rule  is  upon  tl|e 
other  scale,  that  division  will  give  in  inches  and  quar- 
ters the  caliber  of  the  gun  required. 

4.  The  line  shewing  the  weight  of  shot  for  the 
bores.  Adjoining  to  the  preceding  line  is  the  one 
marked  Gunsy  proceeding  from  14.  to  42  pounds. 

It  is  therefore  evident,  that  at  the  same  time  the 
caliber  in  inches  is  given,  the  weight  of  the  shot  is 
also  given  by  inspection  on  the  Bade,  by  the  side  of 
the  ruler  crossing  .  both ;  and^  from  tbe  vireigbt  of 


the  shot,  the  caliber  in  inches.  Thus  41-  inchei 
ihews  a  9-inch  shot^  and  vice  versa* 

5.  The  flemi-circalar  graduation  on  the  joint* 
head.  The  degrees  ate  figared  to  180  contrary* 
way  s^  so  as  one  set  to  be  the  complement  of  1 80  to 
the  other ;  and  they  are  used  to  lay  down  or  inea^- 
sure  angles,  find  tha  elevation  of  cannon^  &c. 

First.  To  lay  down  any  angle  suppose  30  degrees* 
Open  the  legs  till  the  chamfered  eoges  cut  30,  and 
two  lines  drawn  agaiiist  the  outside  edges  will  be  at 
the  inclination,  or  angle  of  30  degrees,  tending  to  a 

}>roper  centre.  If  a  centre  point  be  desired,  cross  the 
ess  till  the  other  chasifered  ed||^ul8  30 )  the  out* 
side  edges  will  thea  be  at  the  angle  of  30  degre«s^ 
and  the  place  of  their  intersection  the  angular  point. 

Secondly.  To  measure  an  entering  or  internal 
angle*  So  apply  the  outward  edges  of  the  rulers, 
that  they  may.  exactly  coincide  with  the  legs  or  sides 
of  the  given  angle.  The  chamfered  edge  on  the 
semi-circle  on  the  outward  set  of  figures  will  point 
out  the  degrees  contained  in  the  given  angle.    - 

Thirdly.  To  measure  a  salient,  or  external  angle* 
Place  the  legs  of  the  callipers  over  each  other,  and 
make  their  outside  edges  coincide  with  the  legs  or 
sides  of  the  angle  to  be  meatrured ;  then  will  the 
chamfered  edge  cut  the  degree  required  on  the  inner 
semi^circle,  equal  to  the  angle  measured. 

Fourthly.  To  determine  the  elevation  of  a  cannon 
or  mortar.  A  rod  or  stick  must  be  {rfaced  into  the 
boreof  a  cannon^  so  as  to  project  beyond  its  mouth. 
To  the  outward  end  of  this  stick,  a  string  with  a 
plummet  must  be  suspended ;  then  with  the  1^  of 
the  callipers  extendec^  so  as  to  touch  both  the  string 
and  rod,  the  chamfered  edge  will  cut  the  degrees 
equal  to  the  complement  of  QO^  of  the  true  angle  of 
the  elevation  of  the  cannon,  figured  on  the  outer  se- 
mi-circle. So  that  if  the  edge  had  cut  30  degrees^ 
the  true  elevatioa  WQUld  bavf  bo^n  6o^  the  oomple* 
jfXQut  to  go. 
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6.  The  circular  line  of  inches  an  the  head  next  to 
the  preceding,  marked  Shot  Diam.  This  scale  ex- 
tends from  O  to  10  inches,  and  \s  subdivided  into 

auarters.     The  chamfered  edge   m^rlccd  J/icAes^  it 
le  index  to  the  divisions. 
To  measure  by  this  scale  the  conve.v  diameter  of 
shoti  <§*c.     Place  tl>e  shot  between   the  steel  paints 
of  the  callipers,  so  as  to  shew  the  ^eatest  possible 
extent;  the  chamfered  edge,  or  index,  will  then  cut 
the  division  shewing  the  diameter  of  the  shot  in 
inches  and  quarters. 

N.  B.  The  diameter  given  by  this  scale  gives  the 
shot  rather  less  than  by  the  scale  No.  4,  on  account 
of  a  customary  allowance  of  what  is  called  tVindage. 

7.  The  table  marked  Brass  Guns,  to  shew  the 
quantity  of  powder  necessary  for  proof  and  semce 
charges  of  brass  guns.    This  table  is  arranged  for 
the  size  of  the  piece,  called  either  Heavy ^  Midd/e^ 
or  Lighty  into  their  respective  columns.     JFjt.  Sup- 
pose it  is  required  to  know  the  quantity  of  powder 
for  a  proof  and  service  charge  of  a  heavy  42  pounder. 
Under  42  are  31  lb.  8  oz.  for  the  proof  charge,  and 
21  lb.  for  the  service  charge. 

8.  The  line  of  lines,  marked  Lin.  This  is  a  line 
of  equal  parts,  and  for  various  occasions  may  he  so 
used.  For  other  problems,  being  the  same  as  usually 
laid  down  upon  the  sector,  I  must  refer  the  reader 
to  the  description  of  that  instrument  already  given  in 
this  work,  page  3p. 

9.  Two  circular  scales  on  the  joint  head  for  giving 
the  weight  of  iron  shot,  marked  Shot.  These  scales 
arc  engraved  upon  the  chamfered  part  of  the  head  of 
the  callipers ;  they  are,  in  fact,  but  one  continued 
scale,  only  separated  for  the  advantage  of  being  more 
conspicuous.  They  shew  the  weights  of  iron  shot 
from  4.  to  42  pounds.  The  diameter  of  the  shot  is^ 
to  be  taken  by  the  ])oints  of  the  callipers,  and  then 
by  an  index  engraved  on  the  ruler  is  pointed  out  the 
proper  weight. 
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10.  The  table  shewing  the  quantity  of  powder 
necessary  for  proof  and  service  charges  of  iron  guns, 
marked  Iron  Guns*  An  inspection  of  the  figure, 
or  the  callipers  .themselves,  shew  the  table  formed 
into  three  Columns.  The  first,  marked  Iron  Guns^ 
shewing  the  weight  of  the  shot ;  the  second,  Prooj\ 
shewing  the  quantity  of  powder  for  the  proof  charge; 
the  third,  Service^  the  quantity  requisite  for  a  ser- 
vice charge;  and  all  these  adjusted  from  4-  ^o  ^'^ 
pounders. 

1  ] .  The  mathematical  figures.  The  most  vacant 
part  of  the  callipers  are  sometimes  filled  up  by  six 
mathematical  figures,  with  numbers  annexed  to  oach 
to  assist  the  learner*s  memory,  and  indicating  as 
follows. 

1.  A  circle  with  two  diametrical  lines,  about 
which  are  the  numbers  7-^'^  and  113.355;  they 
both  are  the  proportion  of  the  diameter  to  the  cir- 
cumference, the  latter  being  nearer  the  truth  than 
the  former.  The  following  examples  may  be  there- 
fore readily  worked  by  them. 

Required  the  circumference  vf  a  circle  to  any 
given  diameter. 

As  7  :  22  : :  given  diameter  :  the  circumference 
required. 

Or  113  :  355  ::  diameter  :  the  circumference 
more  exactly. 

And  the  converse  of  these. 

As  22  :  7  ::  cireumference  :  the  diametef. 

As  355  :  1 13  ::  circumference  :  the  diameter  more 
exactly. 

2.  A  circle  with  an  inscribed  and  circumscribed 
square,  and  inscribed  circle  to  this  smaller  square. 
To  this  figure  are  annexed  the  numBers  28. 22.  14. 
11.  denoting  that  the  larger  square  is  28,  the  in* 
scribed  circle  is  22.  The  area  inscribed  at  the  square 
in  that  circle  14,  and  the  area  of  the  smaller  in^ 
wribed  circle  11. 
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Both  the  proportion  of  the  squares  and  ciircles  arrf 
in  the  proportion  of  2  to  1 ;  and  from  them  the  area 
of  any  circle  may  be  foand>  having  its  diameter 
given.     For  example. 

Required  the  area  of  a  circle  whose  diameter 
is  12. 

Now  the  square  of  12  is  144. 

Then  as  28  :  22  ::  144  i  113.1^  the  area« 

Or      as  14  :  11  ::  144  :  113il. 

3.  Represents  a  cube  inscribed  in  a  sphere  i  the 
affixed  number  804-  shews  that  a  cube  of  iron  in- 
scribed in  a  sphere  of  12  inches  in  diameter  weighs 
89-^  pounds^ 

44  Represents  a  sphere  inscribed  in  a  cube,  with 
the  numbers  243  affixed ;  it  is  to  shew  the  weight  in 
pounds  of  an  iron  globe  12  inches  in  diameter,  or  a 
globe  inscribed  in  a  cube,  whose  side  is  12  inches. 

5.  Represents  a, cylinder  and  cone,  the  diameter 
and  heieht  of  which  are  one  foot.  To  the  cylinder 
is  affixed  the  number  364,5,  the  weight  in  pounds 
of  an  iron  cylinder  of  the  above  dimensions.  The 
cone  shewn  by  the  number  121 ,5  that  it  is  the  weight 
of  the  same  base  and  height,  and  is  one-third  of  that 
of  the  cylinder*  Cones  and  cylinders  of  equal  height 
and  bases  are  to  one  another  as  1  to  3. 

6.  Represents  an  iron  cube,  whose  side  is  12 
inches,  to  weigh  464,5  pounds.  The  figure  of  the 
pyramid  annexed  to  the  cube,  the  base  and  h^ght  of 
which,  if  each  12  inches,  denotes  the  height  to  be 
one-third  of  the  cube's  weight,  viz.  154f. 

Remark.  Globes  to  globes  are  as  the  cubes  of 
their  diameters;  cubes  to  cubes,  as  their  cubes  of 
the  length  of  their  sides ;  of  similar  bodies,  their 
weights  are  as  their  solidities.  Hence  the  dimen- 
sions and  weight  of  any  body  being  giv^i,  the 
weight  or  dimensions  of  any  otl^r  siiiiiiar  body 
may  be  found. 

t 


THE   GUKNEK's   CALUPBRf.  492 


EXAMPLES. 

1 .  The  sides  of  a  cube  of  iron  being^  two  feety 
reqmred  the  weight. 

The  sixth  figure  shews  that  a  cube  of  iron,  whose 
sides  are  each  1  foot,  weighs  464,5.     Therefore, 
T      As  1   (the  cube  of  1  foot)  :  464,5  ::  8  (the  cube 
of  2  feet)  :  37 1 6,  the  weight  of  an  iron  cube  whose 
9ides  are  2  feet, 

2.  The  diameter  of  an  iron  ^hot  being  six  inches^ 
required  the  weight. 

By  the  fourth  figure  a  one  foot  iron  ball  weight 
243  pounds^  and  6  inches  s  ,5  the  tV  of  ^  foot. 

Therefore,  as  1  (the  cube  of  1  foot)  :  243  (the 
weight)  5:  ,125  (cube  of  ,5  or  y^)  :  30,3/5  pounds^ 
the  weight  required. 

Another  rule.  Take  ^  the  c  jbe  of  the  diameter 
in  inches,  and  -f  of  that  eighth,  and  their  sum  will 
be  the  weight  required  in  pounds  exactly.  Or,  the 
weight  of  a  four  inch  shot  being  nine  pounds,  the 
proportions  64  :  9  may  be  used  with  equal  exactness. 

2.  The  weight  of  an  iron  ball  being  pven,  tojind 
its  diameter. 

This  rule  is  the  converse  of  the  preceding,  the  same 
numbers  being  used ;  as  243  (the  weight)  :  l  (cube 
of  1  foot ;)  or,  as  Q  pounds  :  64  (cube  of  4.) 

Another  rule.  Multiply  the  weight  by  7^  and  to 
the  product  add  -J-  of  the  weight,  and  the  cube  root 
of  the  sum  will  be  the  diameter  in  inches.  Thus, 
an  iron  ball  of  12  pounds  weight  will  be  found  to  b^ 
4,403  inches.  The  methods  of  this  rale .  are  too 
evident  to  require  worked  examples. 

4.  The  following  example  will  make  up  a  sufii-r 
cient  niimber,  by  which  the  learner  may  know  how 
t<r  apply  readily  any  number  from  the  figures  jas^ 
described. 

A  parcel  of  shot  -and  cannon  weighing  fioe  tons^ 
grA  1 200  pounds  is  to  be  melted^  and  cast  into  shot 
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of  three  and  Jhe  inches  diameter^  and  weight  of 
each  sort  to  he  the  same  ;  required  the  number  there 
will  be  of  each. 

Igt.  Half  of  11200  is  560  pounds. 

1.  Cube  of  3  inches,  or  cube  4.  of  a  foot  =  ^y. 

Then,  as  1  (cube  of  1  foot)  :  243  (the  weight  of 
a  1  foot  ball)  ::  ^  :  3,79,  weight  of  a  3  inch 
iron  shot.  , 

N.  B,  In  this  proportion  64  divides  243  on  ac« 
count  of  the  fraction. 

Now  5  inches  =s  ^V  ^f  a  foot,  its  cube  tHVt- 

Therefore,  as  1  :  243  ::  -jVyV  •  17,67,  weight  of 
an  iron  5  inch  shot^ 

Dividing  5600  by  3,79  gives  1504,  the  number 
required  of  the  3  inch  shot. 

Dividing  5600  by  17,57  gives  3  J  3,  the  required 
number  of  the  5  inch  shot. 

A  tiibie  of  specific  gravities  and  weights  of  bo- 
dies is  added,  or  not,  at  the  pleasure  of  the  purcha- 
ser. It  is  not  essential  to  the  general  uses  of  the  cal- 
lipers,  although  many  curious  and  useful  problems 
relative  to  the  weights  and  dimensions  of  bodies  may 
be  obtained  from  it  in  the  most  accurate  manner.* 

The  quantity  of  lines  placed  upon  the  callipers 
may  be  increased  or  arranged  at  pleasure.  The  fol- 
lowing 19  were  the  greatest  number  that  I  ever 
knew  of  being  placed  upon  them. 

1 .  The  measures  of  convex  diameters  in  inches. 

2.  The   measures  of  concave   diameters  in   inches. 

3.  The  weights  of  iron  shot  from  given  diameters. 

4.  The  weight  of  iron  shot  proper  to  given  gun 
bores.  5.  The  .degrees  of  a  semi-circle.  6.  The 
proportion  of  Troy  and  Avoirdupois  weight.  J. 
The  proportion  of  English  and  French  feet  and 
pounds.  8.  Factors  useful  in  circular  and  spherical 
figures.  9.  Tables  of  the  apecific  gravity  and  weights 

*  See  Mr.  Adams's  Lectures,  five  vols.  8vo.  a  new  and  irn* 
proved  edition  of  wh|ch  is  now  in  the  press,  and. under  my  cor* 
rection  and  augmentation. 
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of  bodie's.  id.  Tables  of  the  quantity  of  powder  ne^- 
cessary  for  proof  and  service  of  brass  and  iron  guns. 
11.  Rules  for  computing  the  number  of  shot  or 
shells  in  a  finished  pile.  12.  Rules  concerning  the 
fall  of  heavy  bodies.  13.  Rules  for  the  raising  of 
veater.  14.  The  rules  for  shooting  with  cannon 
or  mortars.  15.  A  line  of  inches.  16.  Logarith- 
mic scales  of  numbers,  sines^  versed  sines,  and  tan- 
gents. 17-  A  sectoral  line  of  equal  parts,  or  the 
line  of  lines.  18.  A  sectoral  line  of  plans  or  super« 
ficies.     IQ.  A  sectoral  line  of  solids. 

Gunner's  Quadrant. — Fig.  8,  plate  33,  is  a 
representation  of  a  quadrantj  used  for  elevating  a  can- 
non, or  mortar,  in  the  most  expeditious  manner. 
The  bar  A,  is  placed  in  at  the  mouth  ;  the  index 
B,  brought  to  the  arc  till  the  bubble  of  the  spirit 
level  settles  in  the  middle.  The  angle  is  then  read 
off  to  minutes  upon  the  arc  by  the  nonius  at  C. 

Gunner's  Perpendicular. — Fig.  9,  plate  33,  is 
a  representation  of  a  small  level  and  perpendicular* 
It  is  used  to  find  the  centre  line  of  a  piece  in  the 
operation  of  pointing  it  to  an  object,  or  to  mark  the 
point  for  a  breech  hole,  &c.  The  spirit  level  A, 
determines  the  position  on  the  gun,  and  the  spring 
index  point  B,  serves  to  mark  the  necessary  points 
upon  the  surface  to  obtain  the  line  by. 

Shot  Gauges. — Are  a  set  of  brass  rings,  all  con* 
nected  to  one  centre,  with  holes  suitable  to  the  dla« 
meters,  or  pounders  of  iron  shot,  from  four  to  41 
pounders ;  being  all  respectively  marked,  and  are 
too  evident  in  their  uses  to  need  either  a  discription 
or  figure  here. 
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THE  SLIDING  RULE, 

COMMONLY  CALLED 

THE  CARPENTERS  RULE, 

AND 

THE  MENSURATION  OF  TIMBER, 

BOTH  CUT  AMD  STANDIHO. 


The  mensuration  of  timber  may  be  considered  as 
an  indispensable  part  of  knowledge,  with  the  art  of 
surveying,  and  I  judge,  that  including  it  in  this  Ap* 
pendix,  will  be  considered  useful  to  many  of  our  un- 
informed readers^  who  may  not  have  consulted  any 
of  the  established  works  on  mensuration.  Cog-- 
gl€skair%  or  the  Carpenter^s  Sliding  Rule,  is  the  ori- 
ginal, simple,  and  now  most  comQionly  used  in- 
strument for  taking  dimensions  and  casting  up,  or 
instrumentally  finding  the  contents  of  timber.  It  is 
generally  made  of  box  wood,  #ne  foot  in  length 
when  folded  together,  by  means  of  a  middle  jomt^ 
and  two  feet  when  extended.  In  the  following  de- 
scription I  suppose  the  reader  to  have  the  rule 
placed  bef^e  him,  under  his  inspection.  On  one 
pide  of  the  rule  next  to  the  edge,  is  divided  inches 
and  eights  to  take  dimensions  by,  and  within  on  the 
same  side  are  several  pl#tting  scales  dinded  by  di- 
agonal lines  into  l^th  parts  :  they  consist  generally 
of  the  inch,  4, 4,  and  7  inch,  divided  into  me  above 
1 2ths  for  the  conveniently  planning  of  dimensionsi 
that  are  previously  taken  in  feet  and  inches. 
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The  outer  edge  of  the  r'ule  is  usually  divided 
into  the  centesimals  of  a  foot,  or  the  decimal  of  a 
foot  into  10  j)arts,  so  as  to  give  any  dimensions 
taken  in  feet,  lOths  and  lOOdths  of  a  foot;  this  will 
be  found  the  readiest  method  by  persons  acquainted 
with  decimal  arithmetic. 

On  the  other  side  of  the  rule  are  four  logarith- 
mic lines  of  numbers  marked  at  one  end  by  the 
letters  A.  B.  CD:  the  two  middle  ones  B  and  C 
being  on  the  slider  which  is  slid  in  a  groove  made 
for  the  purpose,  and  the  other  two  on  the  rule. 
The  figures  or  numbers  on  the  slide  being  placed 
between  the  two  lines  serve  of  course  for  both. 
The  three  lines  A,  B,  C,  are  called  double  lines 9  be- 
cause the  figures  from  1  to  10  are  contained  twice 
in  the  length  of  the  slide,  and  the  other  lowest  line 
D,  a  single  line  proceeding  from  4  to  40,  and  is 
called  the  Girt  Line,  from  its  utility  in  computing 
the  contents  of  trees  and  timber. 

The  use  of  the  double  lines  A  and  B  is  for  work- 
ing proportions,  and  finding  the  areas  of  plane 
figures,  and  the  use  of  the  girt  line  D,  and  the  other 
V  double  line  C,  is  for  measuring  solids.  On  the 
girt  line  are  marks  at  J7-1S,  lettered  W  G,  (wine 
gallons)  and  at  1 8.95  AG  (ale  gallons)  which  are 
wine  and  ale  gauge  points  to  this  instrument,  to 
answer  the  principal  purpose  of  a  gauging  rule. 

On  the  same  side  of  the  rule  is  placed  a  table  of 
the  amount  of  timber  per  load  of  fifty  cubic  feet  at 
the  price  of  6d.  per  foot,  to  24  pence.  At  6d.  per 
foot,  it  will  appear  to  be  ll.  5s.;at9d.,  ll.  I7s.  6d.  &c. 
Other  scales  and  tables  are  sometimes  substituted  for 
these,  as  a  table  of  board  measures,  one  of  timber 
measure,  a  line  shewing  for  what  length  of  any 
breadth  will  make  a  foot  square,  also  a  line  shewing 
what  length  for  any  thickness  will  make  a  solid 
foot ;  the  former  line  serving  to  complete  the  table 
of  board  measure,  and  the  latter  the  table  of  timber 
measure. 
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The  method  of  notation  on  the  rule  is  very  sim* 

Ele,  the  figures  in  order,  are  numbered  from  the  left 
and  towards  the  right*  When  1  at  the  beginning 
is  accounted  I,  then  1  in  the  middle  will  be  10 
and  the  one  at  the  end  1 00 ;  and  when  1  at  the  be- 
ginning is  accounted  10,  then  one  in  the  middle  is 
100,  and  the  10  at  the  end  1000,  and  so  on.  And 
fill  the  smaller  divisions  and  spaces  are  of  course  al^ 
tered  in  your  mind  proportionally. 

When  the  learner  has  made  himself  familiar 
with  the  notation,  he  will  be  surprized  to  find  with 
what  dispatch  and  accuracy  he  will  be  able  to  work 
the  following  problems,  and  much  less  liable  to  er- 
rors, than  by  computing  with  the  pen.  By  a  foot 
slide  a  solution  to  about  the  SOOdth  part  of  the 
whole  may  be  relied  on. 

Problem  1 .  To  multiply  two  numbers  to^etker, 
4is  l6  and\g.  Set  1  on  B  to  the  multiplier  10  on  A, 
then  against  the  multiplicand  IQ  on  B  will  be  the 
required  product  304  on  A.  2.  To  Jind  the  pro^ 
duct  qfS5  and  IQ.  Set  1  on  B  to  the  multiplieand 
35  on  A,  then  because  IQ  on  B  runs  beyond  the 
end  of  the  line,  seek  it  on  the  other  radius,  or  other 
preceding  part  of  the  line,  which  in  value  vrill  be 
1 .9  or  ^th  part,  so  that  against  1 .9  on  B  will  be 
found  66^5  on  A.  This,  therefore,  multiplied 
again  by  10,  which  is  done  by  taking  away  only 
the  decimal  point,  gives  the  product  605.  In  like 
manner  the  product  of  270  by  54  will  be  found 
to  be  14580- 

Problem  2.  To  divide  one  number  by  another 
as  480  bu  12.  Set  the  divisor  12  on  A,  to  1  on  B^ 
then  agamst  the  dividend  480  on  A,  will  be  the  quo- 
tient 40  on  B*  2.  To  divide  768O  by  24.  Let  the 
divisor  24  on  A  be  set  to  1  on  B,  then  because  768O 
is  not  contained  on  A,  the  tenth  f  680  on  A  must 
be  sought  for,  and  against  it  on  B  will  be  found  the 
quotient  32,  which  increased  ten  times  for  the 
abpy^  reason  will    give  320   the  required   <^uot 
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tient.    So  396  by  27,  gives  14.6,  and  741  by  42, 
gives  17.6. 

Problem  3.  To  square  any  number,  as  25.  Set 
1  on  B  19  25  on  A^  then  against  25  on  B,  stands 
625  on  A,  the  square  of  25  required. 

Or  by  the  other  two  lines.  Set  1  on  C,  to  10  on 
i),  observing  that  if  you  call  the  10  on  D  1,  the  1 
on  C  will  be  1,  but  if  you  call  the  10  on  D  10,  then 
the  1  on  C  will  be  100,  and  if  you  call  the  10  on 
D  100,  the  1  on  C  will  be  1000,  and  so  on.  So 
against  25  stands  625  ;  against  30,  QQO;  35,  1225; 
and  40,  1600,  reckoning  the  10  on  D  as  10. 

Problem  4.  To  er tract  the  square  root  of  any 
number.  Set  1  on  C  to  10  on  D,  which  is  the  same 
position  of  the  slider  as  in  the  preceding  problem  ; 
estimate  the  value  of  the  two  lines  in  the  same 
way ;  then  against  every  number  found  on  C  stands 
a  square  root  on  X>>  thus  the  square  root  of  529 
will  be  found  to  be  23,  9OO  to  be  30,  and  300  to 
be  17.3,  4264  to  be  65.3. 

Problem  5.  Tojind  a  mean  proportional  between 
any  two  numbers^  as  9  and  25.  Set  one  number  9 
on  C  to  the  same  number  on  D  :  then  against  the 
other  number  25  on  C  will  be  15  on  D,  the  mean 
proportional  required.     For  9:15  ::  15  :  25. 

Required  the  mean  proportional  between  29  and 
430.  Set  29  on  C  to  29  on  D,  and  it  will  be  found 
that  430  on  C  will  be  situated  beyond  the  scale  D, 
or  it  will  be  contained  on  C.  Therefore  take  the 
lOOdth  part  of  it,  and  seek  for. 4.3  on  C,  and 
against  it  on  D  is  11.2,  which  multiplied  by  10, 
gives  112  the  mean  proportional  required.  It  is 
therefore  evident  that  if  one  of  the  numbers  over- 
runs the  line,  it  is  proper  to  take  the  lOOdth  part, 
and  augment  the  answer  ten  times.  The  mean  pro- 
portional between  29  and  320,  is  96.3,  and  between 
71  and  274  is  IS9. 

Probl£m  6.  Tojind  a  third  proportional  to  any 
two  numbers,  as  21  and  32.    Set  the  first  21  on  U, 
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to  the  second  32  on  A ;  then  against^  the  second 
32  on  B  stands  48.8  on  A^  the  third  proportional 
required.  Then  the  third  proportional  to  17  and 
2Q  is  4QA,  and  to  73  and  14  is  2.7. 

Problem  7*  Three  numbers  being  given^  to 
jind  a  fourth  proportional,  suppose  12,  28,  and  57* 
The  solving  of  this  problem  is  performing  the  rule 
of  three.  Set  the  first  term  12  on  B,  to  the  second 
28  on  A,  then  against  the  third  term  57  on  B  will  be 
found  the  fourth  133  on  A. 

If  either  of  the  middle  numbers  fall  beyond  the 
line,  take  -^ih,  part  of  that  number,  and  augment 
the  answer  ten  times.  The  fourth  proportional  to 
6.14,  and  29,  will  be  found  67.6,  and  to  27,  20,  73, 
the  number  54, 

After  the  working  of  the  preceding  examples,  it 
is  presumed  that  the  reader  will  find  no  difficulty 
in  performing  on  the  rule  all  the  numerical  solu- 
tions to  the  various  geometrical  problems  treated  of 
in  page  64  and  sequel,  of  this  work. 

OF  timber  measure. 

Problem  1.  To  find  the  area,  or  superficial  con- 
tent in  feet  in  a  board  or  plank.  Multiply  the  length 
by  the  breadth,  and  the  product  will  be  the  content 
required. 

Note.  If  the  board  is  tapering,  add  the  breadth  of 
the  two  ends  together,  and  take  4-  their  sum  for 
the  mean  breadth,  and  multiply  the  length  by  this 
fneari  breadth. 

By  th^  sliding  rule.  Set  1 2  on  B  to  the  breadth 
or  inches  on  A,  then  against  the  length  in  feet  on 
B,  the  content  on  A  in  feet  and  fractional  parts  will 
be  shewn. 

Example.  A  board  16  inches  broad,  and  13  feet 
long  will,  by  the  above  rule,  be  found  to  contain 
1 7^s  feet. 

Example  2.     What  is  the  value  of  a  plank  whose 
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length  is  1 1  feet  6  inches,  an^d  mean  breadth  1 1 , 
at  l^d*  per  square  foot.  By  die  sHde  rule.  As  12  B 
:  11  A  ::  124^  B  :  1  H  A  the  number  of  feet.  Then 
as  1  foot  on  B  to  1 .5  pence  on  A  so  is  1  1-A-  feet  on  B 
to  17  pence  on  A,  the  value  required.  In  a  very 
irregular  mahogany  plank  of  14  feet  in  length,  it 
was  found  necessary  to  measure  several  breadths  at 
equal  distances  from  each  other,  viz,  at  every  tWo 
feet.  The  breadth  of  the  less  end  was  six  inches^ 
and  that  of  the  greater  end  one  foot.  The  interme- 
diate breadths  were  one  foot,  one  foot  six  inches,  two 
feet,  two  feet,  one  foot,  and  two  feet.  It  is  required 
how  many  square  feet  was  contained  in  the  plank  ? 
By  dividing  the  sum  of  the  breadths  by  their  num- 
bers, the  mean  breadth  will  be  found  1^  foot,  and 
by  working  by  the  above  rules,  the  answer  to  be  IQ^J. 
feet. 

To  find  the  solid  content  of  squared  or  four-sided 
timber. 

Multiply  the  mean  breadth  by  the  mean  thick- 
ness, and  the  product  again  by  the  length,  and 
it  will  give  the  content  required. 

By  the  sliding  rule.  As  the  length  in  feet  on  C, 
is  to  12  on  D,  when  the  greater  girt  is  in  inches,  or 
to  10  on  D,  when  it  is  in  tenths  of  feet :  so  is  the 
quarter  girt  on  D  to  the  content  on  C. 

Remarks.  If  the  timber  be  squared,  half  the  sum 
of  the  breadth  and  depth  in  the  middle  is  consi- 
dered as  the  quarter  girt  above-mentioned.  But  if 
the  timber  be  round,  it  is  customary  to  girt  the 
piece  round  the  middle  with  a  string  one-fourth  part 
of  this  girt  squared,  and  multiplied  by  ihe  length 
gives  the  solidity.  Pocket  measuring  tapes,  with 
the  quarter  girt  divided  thereon  to  shew  the  quarter 
girt  by  inspection,  are  most  convenient  in  taking  the 
girt 

The  quarter  girt  rule  for  squared  timber  is  only 
sufficiently  near  to  the  truth  when  the  breadth  an4 
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height  of  the  sidos  are  the  same,  or  the  difference 
not  more  than  one  or  two  inches ;  in  all  greater  dif- 
ferences the  measure  by  the  girt  method  will  be  too 
considerable,  and  the  rules  above  given  will  be 
proper  to  adhere  to.  To  shew  the  fallacy  of  taking 
the  quarter  girt  for  the  side  of  a  mean  square,  the 
following  example  has  been  given. 

Suppose  a  piece  of  timber  to  be  24  feet  long,  and 
a  foot  square  throughout,  and  let  it  be  slit  into  two 
equal  parts  from  end  to  end.  Then  the  sum  of  the 
solidity  of  the  two  parts  added  together  by  the 
quarter  girt  method,  whibh  is  to  multiply  the  square 
of  the  quarter  girt  in  inches  by  the  length  injeet, 
and  divide  by  144,  will  be  27  feet,  but  the  true  soli- 
dity is  24  feet,  and  if  the  two  pieces  were  unequal 
the  difference  would  be  still  greater. 

Note.  If  the  circumference  or  girt  be  taken  in 
inches,  and  the  length  in  feet,  divide  the  product 
by  144  to  give  the  contents  in  feet. 

If  the  timber  tapers  regularly  from  one  end  to 
the  other,  the  breadth  and  thickness  taken  in  the 
middle  will  be  the  mean  breadth  and  thickness,  or 
half  the  sum  of  the  two  end  dimensions  will  be 
the  mean.  If  it  does  not  taper  regularly,  but  is 
thicker  in  some  places  than  in  others,  let  several 
dimensions  be  taken,  and  their  sum  divided  by  the 
number  of  them  will  give  the  mean  dimensions ; 
or  girt  it  in  several  places  et^ually  distant  from  each 
other,  and  divide  the  sum  of  the  circumferences 
by  their  number  for  a  mean  circumference,  the 
square  of  one  quarter  of  tlie  mean  circumference 
multiplied*by  the  length  will  give  the  solidity. 

Example  1 .  If  a  piece  of  squared  timber  be  2 
feet  9  inches  deep,  1  foot  7  inches  broad;  and  \6 
feet  9  inches  long,  required  the  contents  tn  solid 
feet. 

Multiplying  the  depth,  breadth,-  and  thickness 
together  by  the  above -rule,   the  true  content  is 
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j^i.gd  fe^t,  or  73  feet  nearly*  But  by  the 
quarter  girt,  the  content  will  be  found  as  fol- 
lows :— 

26  inches  quarter  girt*  Decimalsi 

26  l6.75=j6fODt9in; 


AC 


156 


676 


52  10050 

■— —  11725 

676  squitre  10050 


144)   1132300  (78i63  feeti 


1243 


910 
460 


28  rem* 
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As  164  on  C  :  12  on  D  ::  26  on  D  :  to  78^  on  CJi 

This  shews  that  from  the  inequality  of  the 
depth  and  breadth,  the  common  girt  method  gives 
tnore  than  the  true  content.  In  the  following  ex-* 
amples,  taken  from  Dr.  Hutton's  Treatise  on 
Mensuration^  8vo.  1788,  page  654,  the  difference  is 
immaterial,  on  account  of  the  depth  and  breadth  not 
beinfi:  materially  different. 

Example  2.  Required  the  content  of  a  piecd  of 
timber,  whose  length  is  24^  feet,  and  the  mean 
breadth  and  thickness  each  1.04  feet?  Answer^ 
264.fett. 

Example  3.  What  is  the  content  of  a  piece  o^ 
timber  whose  length  is  24^  feet>  and  the  meari 
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breadth  and  thickness  each  1 .04  feet.     Answer^  25^ 
feet. 

Example  4.  Required  the  content  of  a  piece  of 
timber  whose  length  is  27.36  feet:  at  the  greater 
end  the  breadth  is  1.78,  and  thickness  1.23,  and 
at  the  less  end  the  breadth  is  1.04,  and  thickness 
0.91.     Answer,  41.278  feet. 

The  spare  examples  are  to  be  worked  by  both 
the  methods. 

Problem  3.     To  find  the  solidity  of  round  or  un- 

squared  timber. 

RULE   1,    OR' COMMON    RULE. 

Multiply  the  square  of  the  quarter  girt,  or  of  -J- 
of  the  mean  circumference,  by  the  length  for  the 
content. 

BY   THE    SLIDING    RULE. 

As  the  length  upon'  C  :  12  or  10  upon  D  ::  quar- 
ter girt,  in  12ths  or  lOths,  on  D  :  content  on  C. 

Remarks.  This  is  the  method  adopted  and  ge- 
nerally used  by  all  land  surveyors  and  timber 
dealers,  the  buyer  is  allowed  to  take  the  girt  of  the 
tree  any  where  between  the  greater  end  and  middle 
of  the  tree,  if  it  tapers. 

All  brandies  or  boughs,  the  quarter  girt  of  which 
is  less  than  6  inches,  and  also  any  part  of  the  trunk, 
less  than  two  feet  in  circumference,  is  not  con- 
sidered as  timber. 

An  allowance  is  generally  made  to  the  buyer,  on 
account  of  the  bark,  of  one  inch  and  half  in  every 
foot  of  quarter  girt,  or  -|^th  of  the  girt ;  but,  except- 
ing of  elm,  it  is  considered  to  be  too  much.  In 
general  one  inch  on  the  circumference  of  the  tree 
or  whole  girt,  or  xV^h  of  the  quarter  girt  should  be 
considered  as  a  fair  and  average  allowance. 

When  the  buyer  is  not  allowed  his  choice  of  girt 
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in  taper  trees,  he  may  take  the  mean  dimensions,  as 
in  the  former  problems,  either  by  girting  it  in  the 
middle  for  the  mean  girt,  or  at  the  two  ends,  and 
take  half  their  sum.  Or  if  the  tree  be  very  irregular, 
the  best  way  is  to  divide  it  into  several  lengths,  and 
find  the  content  of  each  part  separately. 

This  comnw>nly  used  rule  gives  the  answer 
about  -i^th  less  than  the  true  quantity  in  the  tree,  or 
nearly  the  quantity  it  would  be,  after  the  tree  was 
trimmfed  square,  which  circumstance,  instead  of 
being  an  objection,  as  stated  by  some  mathemati- 
cians, I  think  it  to  be  a  lair  consideration  for  the 
loss  of  wood  as  trimmed  in  squaring  down  the  tree 
to  make  useful  shaped  timber. 

Rule  2.  Giving  the  result  very  near  to  the  truth. 
Multiply  the  square  of  4-  the  mean  girt,  by  twice 
the  length,  and  the  product  will  be  the  true  content 
very  nearly. 

By  the  sliding  rule.  As  twice  the  length  on  C  : 
12  or  10  on  D  ::  -f  of  the  girt  on  12th  or  1  Iths  on 
D  :  the  content  on  C. 

Example  1.  A  tree  is  in  length  9  feet  6  inches, 
and  its  mean  girt  14  feet,  required  its  content? 


Decimals. 
2.8ith  of 
2.8 

girt. 
Content 

Duodecimals 

297 
297 

224 
56 

7.84 
19 

705a 
7.84 

572 

2     13 
1      6 

7    JO      1 
19 

148    11      7 

48,96 
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D       D          C 

As  IQ  : 

10  ::  28      :  149 

Or  19  : 

12  ::  33t-V-  1^9 

Hxample  2.  If  a  tree  is  24  feet  long,  and  thcf 
mean  girt  8  feet^  what  is  the  content.  Ans.  122.88 
feet. 

Example  3,  What  is  the  value  of  an  oak  tree^ 
the  girt  of  which  at  the  lesser  end  is  g\^  feet>  and 
its  length  to  the  par£  where  it  is  of  2  feet  girt,  27-5- 
feet ;  it  hath  two  boughs,  the  girt  at  the  thicker 
end  of  the  one  is  4.3,  and  at  the  thicker  end  of  the 
other  3.94,  the  length  of  the  timber  of  the  former 
where  it  becomes  of  only  2  feet  girt  is  9  feet ;  and 
length  of  the  latter  7f :  required  the  value  at 
2I.  3s.  gd.  per  load  of  50  cubic  feet,  allowing  -xVth 
of  the  mean  girt  for  the  bark  of  the  trunk,  and 
T-Vth  of  the  same  in  the  boughs,  by  both  the  rules* 
Answer.  True  value  2l.  18s.  6d«  unjust  value 
2l.  5s.  9|d. 

Some  of  the  preceding  problems,  as  well  as  the 
three  following,  are  extractixd  from  Dr.  Huiton's 
Treatise  on  Mensuration. 

The  only  true  rule  for  finding  the  contents  of 
taper  round  timber,  must  be  found  in  the  rule  for 
finding  the  contents  of  a  frustum  of  a  cone;  but  it 
is  too  tedious  for  dispatch  in  business,  and  cpn^i- 
der«d  too  nice  for  the  ordinary  materials  of  timber. 
The' second  rule  above  as  given  by  Dr.  Hutton,  ap- 
proximates nearer  to  the  truth  than  the  common 
one,  and  it  is  curious  for  the  reader  to  know,  that  by 
both  these  rules  the  contents  of  timber  cut  into  two 
parts,  may  be  made  to  measure  to  more  than  the 
whole,  and  as  are  shewn  by  the  three  following 
problems  given  by  Dr.  Hutton. 
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Problem  4.  To  Jind  where  a  piece  of  round  tC'^ 
pering  timber  must  be  cut,  so  that  the  two  parts, 
measured  separatelyj  ac'cotding  to  the  common 
method  of  measuring,  shall  produce  a  greater  solidity 
than  zchen  cut  in  any  other  part,  and  greater  than 
the  whole.  Cut  it  through  exactly  in  the  middle^  or 
at  half  of  the  length,  and  the  two  parts  will  measure  to 
the  most  possible  by  the  common  method. 

Example,  Supposing  a  tree  to  girt  14  feet  at  the 
greater  end,  2  feet  at  the  less,  and  consequently  8 
feet  in  the  middle  ;  and  that  the  length  is  32  feet. 

Then,  by  the  common  method,  the  whole  tree 
measures  to  only  128  feet ;  but  when  cut  through 
at  the  middle,  the  greater  part  measures  to  121,  and 
the  less  part  to  25  feet ;  whose  sum  is  146  feet ; 
which  exceeds  the  whole  by  18  feet,  and  is  the 
most  that  it  can  be  made  to  measure  to,  by  cutting  it 
into  two  parts. 

Problem  5.  To  find  where  a  tree  should  be  cut, 
so  that  the  part  next  the  greater  end  may  measure  to 
the  most  possible.  From  the  greater  girt  take  three 
times  the  less ;  then,  as  the  difference  of  the  girts 
is  to  the  remainder,  so  is  one-third  of  the  whole 
length,  to  the  length  from  the  less  end  to  be 
cut  off. 

Or,  cut  it  where  the  girt  is  one-third  of  the  greatest 
girt. 

Note.  i(  the  greatest  girt  does  not  exceed  three 
times  the  least,  the  tree  cannot  be  cut  as  is  required 
by  this  problem.  For,  when  the  least  girt  is  exactly 
equal  to  one-third  of  the  greater,  the  tree  already 
measures  to  the  greatest  possible ;  that  is,  none  can 
be  cut  off,  nor  indeed  added  to  it,  continuing  the 
same  taper,  that  the  remainder  or  sum  may  measure 
to  as  much  as  the  whole.  And  when  the  least  girt 
exceeds  one-third  of  the  greater,  the  result  by  the 
rule  shews  how  much  in  length  must  be  added, 
that  the  result  may  measure  to  the  most  possible. 
[    Example*    Taking  here  the  same  exa;nple  as  be- 
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fore,  we  shall  have  as  12  :  8  ::  V  •  7t  =  '^^  length 
to  be  cut  off;  and  consequently  the  length  of  the 
remaining  part  is  24f ;  also  V  =  -*■§•  i*'  the  girt  at 
the  section.  Hence  the  content  of  the  remaining 
part  is  135-S^-f  feet;  whereas  the  whole  tree,  by  the 
same  method,  measures  only  to  128  feet. 

Problem  6.  To  cut  a  treCj  so  that  the  part  next 
the  greater  end  may  measure^  by  the  common  me^ 
thody  to  exactly  the  sa)ne  quantity  as  the  whole 
measures  to. 

Call  tlie  sum  of  the  girts  of  the  two  ends  s^  and 
their  difference  d.  Then  multiply  d  by  the  sum  of 
{/and  4  J,  and  from  the  root  of  the  product  take  the 
difference  between  d  and  2s;  then,  as  2d  is  to  the 
remainder,  so  is  the  whole  length,  to  the  length  to 
be  cut  off  the  small  end. 

And  if  s  be  taken  from  the  said  root,  half  the  re- 
mainder will  be  the  girt  at  the  section. 

Example.  Using  the  same  example,  we  have 
^  =  l6,  d  =  12,  and  the  length  i  =  32;   hence 

^  X    ()/  (4s  +  dj.  d  -  Qs  +   d)  =  ^  X 

(>v/7t>  X  12  —  20)  =  V  V57  —  26f  =  13-5991I8 
=  the  length  to  be  cut  off;  and  consequently 
18.400882  is  the  length  of   the   remaining   part* 

Also  -i-  i/  (4JX  d)d--^  ^  =  2  >/  57  —  8  =7.099669 
is  the  girt  at  the  section.     Hence  the  girt  in  the 

•  J  I,  r      ^u  i.  ^      '     14^+7.099669 

middle     or     the     greater     part     is = 

10.549834,  whose  ^th  part  is  2.637458;  and  con- 
sequently the  content  of  the  same  part  is  2.637458* 
X  18.400882  =  128,  the  very  same  as  the  whole 
tree  measures  to,  notwithstanding  above  -y  part  is 
cut  off  the  length. 

For  an  useful  table  to  facilitate  the  computation 
of  the  contents  of  timber^  see  the  annexed  tables^. 
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A  COLLECTION  OF  TABLES  OF  BRITISH  AND  FOREIGN 
MEASURES  AND  WEIGHTS,  TAKEN  FROM  THE  BEST 
AUTHORITIES. 


Briiish  Measures,  and  JFtights. 

A  Table  of  English  Lineal  Measures. 


7-92  inch 

1  link 

* 

12 

Hh 

1  foot 

S6 

^A 

3 

1   yard 

198 

25 

16J 

5k 

1  pole 

792 

100 

m 

22 

4 

1  chain 

7920 

1000 

660 

220 

40 

10 

1  furl 

68360 

8000 

5280 

1760 

320 

80 

8 

1  mile 

A  pole,  perch,  and  rod  are  the  same  measure. 

3  miles  are  an  English  league.  69^  miles,  or 
365640  feet,  is  computed  to  be  equal  to  one  degree 
of  a  great  circle  of  the  earth,  or  so  much  must  any 
person  change  his  place  on  a  meridian  to  alter  his 
latitude  one  degree,  or  on  the  equator  to  alter  his 
longitude  one  degree. 

A  fathom  is  equal  to  6  feet, '  a  customary  measure 
for  depths. 

A  hand  is  4  inches,  by  which  the  heights  of  horses 
are  measured. 

Tlie  standard  pole  or  perch  according  to  Act  of 
Parliaqnent,  is  164  feet;  but  there  are  other  provin- 
cial customary  measures. 

In  Devonshire,  the  customary  perch  is  1 5  feet  in 
leneth . 

In  Dorsetshire,  (Isle  of  Purbeck)  15  feet  and 
gn  inch. 

In  Cornwall,  1 8  feet^ 
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In  Scotland,  the  perch  is  generally  18^  and  in 
some  places  IQ^  feet. 

In  Lancashire  and  Ireland^  21  feet.. 
In  Cheshire,  24  feet. 

A  Table  of  Square  Measure. 
Inches  Sq.  ^ 

144r=  IssFoot  Sq.  , 

1296=  9s=  1  Yarf  Sq. 

S9«04=        «79i=:         30^=  I  Pole  Sq. 

1568l60r=       10890=       1210:=        40=       1  Rood  Sq. 
0278640=      43560=      4840=       160=      4=     1  Acre  Sq. 
4014489600=27818400=3097600=102400=2560=640=1  Mile  Sq. 
A  square  chaiu  is  the  teath  part  of  an  acre. 

dec.  dec. 

62*726  1  435 

dec.  dec. 

10,000        4356                484                  16               1            -400  -lOO 

100,000      43560              4840                160             10         4-000  I -000 

144  Square  inches  are  equal  to  1  square  foot, 
62.7264  square  inches  equal  to  1  square  link, 
10.000  square  links  is  1  square  chain. 

B.  NoblCy  in  his  Geodcesia  Hibernica^  8vo.  p.  9 
and  10,  states,  that  an  Irish  square  perch  is  49 
yards,  and  that  an  Irish  acre  is  7850  yards,  or  160 
square  perches.  Hence  an  Irish  acre^  is  to  an 
English  acre,  as  7850  to  4840,  or  as  49  to  30. 

A  Table  of  Solid  Measures. 

S.  Inches. 

1728=  1     Foot  S. 

46656=  27     =               1     Yard  S. 

7762329=  4492  *=           «66t\=               I  Pole  S. 

'       1963885176=  1136507Az=       42092A=          253=            1  Rood  S. 

15711081408=  9092061  zr        3.^6743=:        2024=           8=        1  Acre  S. 
854358061056000=147197952000z:M51776000=32770584=:129528=:1610l5slMileSb 

1  Load  of  timber  Is  50  cubical  feet. 

1  Xioad  of  earth  is  27  feet^  or  1  cubical  yard. 
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A  Tabu  of  Lineal  Scotch  Measure. 


Inches 

Foot 

12 

1            £11 

^7.% 

3.1            1 

IIZ.I 

18.6           6 

Fall.    Furl. 

8028 

744       240 

40       1      Mile 

71424 

5954  ;r^ 

320       8       1 

6l4ldeg. 

luches     limbs  of    Feet  Ells  Kail's  short  Chaia        Long        Mile 

a  Chain  Roo4s  Rood 

8.928    1    74.4  24  4     1     0.666 
092.8   100  111    36  6    1.5   1. 

80   534.     1 

A  Table  of  Square  Scotch  Measures. 

|3q.  Inches    Sq.Feet        Sq.  Ells  Sq.  Falls,  or  Sq.Rood  Sq.Acro 

8q.  Roods 

144  1 

9.61  1 

345.96  36  1 

13838.4     1440       40 
55353.6     5760     160  4  1 

640     1  Mile 

Correspondence   between    English    and  Scotch 

Measures. 

24.8  English  yards^  are  equal  to  one  Scotch 
chain,  80  chains^  or  one  English  mile^  are  equal  to 
71  Scotch  chains^  the  proportion  of  the  English  to 
the  Scotch  chain,  is  therefore  a^  80  to  71.* 

6 160  Square  English  yards  are  equal  to  a  Scotch 
acre.  One  English  acre  is  equal  to  0.787  (or  a 
little  more  than  4)  of  a  Scotch  acre. 

One  Scotch  acre  is  equal  to  1 .27  (or  little  more 
than  1-J-)  of  an  English  acre, 

*  Grflv,  in  his  Art  of  Land  Measuring^  Vl5*lt  P*  17,  states  a 
Scotch  chain  to  be  24:  ejl^i  and  eacblixik  to  b^  8^88  Scotch  inches. 
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Scotch  Measure  of  Capacity  of  Liquids. 

English  cubic  incfaef. 

A  gill 6-462 

A  mutchkin 25-85 

A  choppin  . . , 51*7 

A  pint 103*4 

A  qtiart 206"8 

A  gallon 827*23 

A  hogshead 1S2357 

By  the  Act  of  Union,  12  Scotch  gallons  are  equal 
to  an  English  barrel,  or  9588  cubic  inches  instead 
of  9927. 

A  lippee  or  feed  is  200*345  cubic  inches. 


A  Table  to  reduce  English 

A  Table  to  reduce  Scot£  to  } 

• 

to  Scots  Acres.              i 

English 

Acres. 

E.  Acs. 

Scots 

F.  R 

ScotsRdb. 

S.  Acs. 

English    1 

S.  R.  1 

English 

Acres. 

&  P. 

&c. 

Acres. 

1 

Rds,&c. 

1 

0  i     5.9 

floods. 

1 

1 

1   1     S..S|Roodg.j 

S 

1  2  ll.<s 

1 

0  0  31.5 

2 

2  2    6.fl 

1 

0  1   10,8 

3 

2  1   17.7 

2 

0  1  ^23.0 

S 

3  3  lo.q 

% 

0  2  11.7 

4 

3  0  23. « 

3 

0  2  U.4 

4 

5  0  13.3^ 

3 

0  3  32.JI 

5 
6 

3  3  29.J 

4  9  35.5 

Poles. 
1 

K 

6  1  16.6 

7  2  19.9 

Falls. 
1 

0  0    0.8 

6 

0  0     1.3 

7 

5  2     \A 

2 

0  0     1.6 

7 

8  3  23.2 

2 

0  0    2.5 

8 

6  1     1A\ 

3 

0  0     2.4 

8 

10  0  26.6 

3 

0  0    3.8 

9 

7  0  If;  '2 

4 

0  0    3.1 

9 

11   1  29.9 

4 

0  0    5.1 

10 

7  3  19.1 

3 

0  0     3.9 

10 

12  2  33.2 

5 

0  0    6.1. 

80 

15  2  38.2 

6 

0  0     4.7 

i       20 

25  1  26.4 

6 

0  0    7.6 

30 

23  2  17.? 

7 

0  0     5.5 

1       .SO 

38  0  19.6 

7 

0  0    8.9 

40 

vil   1  S6.4 

8 

0  0     6.3 

40 

50  3  12.8 

8 

0  0  10.2 

60 

39  1   15.6 

9 

0  0     7.1 

50 

63  2     5.9 

9 

0  0  11.4 

60 

47  0  34.6 

10     ;0  0     7.9 1 

60 

76  0  39.1 

10 

0  0  12.7 

70 

55  0  13.7 

15     |0  0  11.8 

70 

88  3  32.3 

15 

0  0  19.1 

80 

62  3  39.8 

20     0  0  15.7 

80 

101  2  25.5 

20 

0  0  25.4 

90 

70  3  12.0 

25     ,0  0  19.7 

90 

114  1    18.7 

S5 

0  0  31.8 

100 

78  2  31.1 

SO     jO  0  23.6 

100 

127  0  11.9 

30 

0  0  38.1 

200 

»57  1  22.1 

85     ,0  0  27.5 

200 

254  0  23.8 

35 

0  0    4.5 

Of  French  Measures. 

The  old  measuresj  or  those  previous  to  the  late 
French  Revolution,  were  as  contained  in  the  an- 
nexed tables.  The  new  measures,  or  those  esta- 
))Iished  since  the  Revolution,  follow  directly  after. 
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A  Tabic  of  bid  French  Lineal  Measures. 

l^oint  Line 

12  1  Pouce                                                                        \ 

144  13  1  Pied-deiloi 

-i*,^«  , . .  .«         ,  (Toise  du  Chatelet 

1728^  144  12         Ij&del'Academie. 

10368       844  72  6  1 

38016     3168       264       22  3  J- Percbe  Royale* 

An  English  foot  ift  equal  to  0-9383  of  a  French    • 
foot. 

A  PfenCh  foot  is  eqnal  to  1.06575  English  foot. 

A  French  toise  is  equal  to  6.3945  English  feet. 

Sir  G.  Shuckburgh  determined  accurately  the 
Paris  half  {oise  to  be  38.3561  English  inches- 

Their  square  measures  for  land  surveying,  &c.  are 
as  follows :  * 

The  Paris  arptnt  consisted  of  100  square  perches^ 
of  18  Paris  Hneal  feet  each,  or  324  square  Paris  ^ 

feet,  therefore  making  in  the  whole  32400  square 
Paris  feet  (or  36720  square  English  feet)  for  the  ar* 
pent^  which  in  roun<i  numbers  is  about  ^ths  of  the 
English  acre. 

The  Mesure  Roy  ale  de  France  pour  tarpentage 
des  terres  established  the  perche  to  be  22  feet  of 
lineal  measure,  ot  consequently  484  square  feet^ 
which  augmented  100  times  gives  48400  squai*e 
Paris  feet  (or  54853-36  English  feet  for  the  arpent, 
which  is  somewhat  above  H  English  acre.  -The 
former  arpent  of  ^2400  feet  was  generally  used 
about  Paris. 

The  cubic  Paris  foot  or  inch,  is  to  the  English    ' 
cubic  foot,  nearly  as  1  -2 1  to  1 ;  so  that  one  cubic 
Paris  foot  or,  inqh  is  about  14-  English  cubic  foot  or  ♦ 

inch ;  hence  5  Paris  cubic  feet  make  6  English  cubic 
feet. 

2L 


(  514  ) 


OF  THE  NEW  FRENCH  MEASURES. 

The  old  French  measures  concisely  described  ki 
the  preceding  pages,  were  not  the  only  kind  of  li- 
neal measures  used,  each  province  in  France  had 
partly  its  own  peculiar  measures.  The  diversity  of 
the  agrarian  measure  was  infinite.  In  some  places 
the  arpent  was  considered  as  100  perches,  in  others 
as  120,  and  in  others  as  128.  The  perch  itself  had 
also  various  local  lengths,  varying  from  9  to  20  feet. 
Their  itinerary  measures  were  all  locally  various. 
The  effects  of  the  late  revolution  therefore  necessa- 
rily extended  to  this  corrupt  object,  and  all  the 
measures  and  weights  of  that  nation  are  now  de- 
duced from  one  simple  lineal  standard  which  they 
denominated  a  metre.  And  the  adoption  of  this 
elementary  measure  by  the  nation,  with  the  other 
necessary  ones  constructed  upon  it,  was  ordered  by 
decree  of  the  National  Convention  on  the  5th  of 
April,  1796,  (du  18  Germifial,  du  Van  3  de  CSre 
Republicaine  Frangaise.) 

The  method  that  the  French  mathematicians  or 
academicians  took  to  determine  this  invariable  stand-* 
ard  of  measure,  was  by  taking  a  segment  of  the 
earth's  circumference,  and  for  this  purpose  several 
degrees  of  the  meridian  were  carefully  and  accu- 
rately measured  by  a  just  rod,  and  from  that  the 
whole  meridian  or  complete  circumference  of  the 
earth  is  calculated.  Tliey  have  taken  the  forty  mil- 
lioneth  part  of  the  circumference  of  the  earth,  or 
which  is  the  same  thing,  the  ten  millioneth  part  of 
the  quarter  of  the  terrestrial  meridian,  or  the  dis- 
tance of  the  equator  to  the  pole,  as  the  primitive 
measure  or  metre^  and  laid  it  down  accordingly  on 
scales.  The  metre  by  a  comparison  with  accurate 
scales  of  English  inches,  feet,  &c.  at  the  tempera- 
ture of   62^  Fahrenheit's  thermometer,  has  been 
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found  to  be  equal  to  39.371  inches,  (or  8  feet,  11 
lines,  tVoV  ^^  3.078444,  old  French  measure. 

This  is  one  of  the  two  best  add  most  simple  me* 
thods  of  determfning  an  original  standard  measurc^^ 
without  referring  to  a  pattern,  it  also  serves  to  verij^ 
any  reputed  standard  one^  and  affords  the  means  of 
finding  the  length  of  the  standard  measure  again  at 
any  time,  supposing  the  original  pattern  to  be  lost 
or  destroyed. 

The  other  method  is  rendered  still  more  sinnple^ 
and  requires  less  trouble  and  expence  in  its  operation, 
it  is  by  means  of  a  pendulum,  and  may  he  underi<^ 
stood  from  the  following  brief  explanation. 

The  length  of  a  pendulum  that  vibrates  secbtidisi 
has,  by  several  philosophers,  been  adopted  as  si 
standard  of  measure.  It  has  been  found  that  in  the 
latitude  of  London,  a  |>endu]um  performing  Qo 
vibrations  in  a  minute,  or  3600  in  an  hour,  will  in 
length  be  very  little  more  than  39,1  inches,  and  that 
according  as  the  place  is  nearer  to  or  farther  from 
the  equator,  or  the  latitude  decreasing  or  increasing, 
the  length  must  be  shorter  or  longer  to  perform  the 
same  number  of  vibrations.  The  quantity  by  which 
the  pendulum  must  be  shortened  or  lengthened,  iu 
order  that  it  may  vibrate  seconds  in  any  given  lati- 
tude, may  be  readily  calculated,  or  be  seen  by  an 
inspection  of  a  table  of  lengths  among  the  tables 
hereafter  annexed.  Hence  a  pendulum  that  vibrates 
the  above  or  any  other  number  of  times  in  a  minut^ 
may  be  adopted  as  a  standard  of  measure  to  any 
known  latitude.  The  difficulty  of  measuring  the 
precise  distance  between  the  real  point  of  suspension, 
and  the  centre  of  oscillation  of  the  pendulum  is  the 
principal  source  of  inaccuracy,  to  which  this  method 
is  subject. 

The  centre  of  oscillation  of  a  pendulum  is  that 
point  of  a  pendulum,  where  all  the  matter  or  th^ 
^gravitating  power  of  all  its  parts  of  the  body  or 
bodies  that  constitute  the  penduhim,  ate  conoeo* 
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trated  or  conceived  to  be  concentrated*  To  obviate 
this  difficulty,  the  late  ingenious  Mr.  TVhitehurst^ 
contrived  a  clock-work  mechanism^  with  a  moveable 
point  of  suspension  to  the  pendulum^  so  as  to  be 
lengthened  or  shortened  at  pleasure^  and  so  of  course 
adjustable  to  vibrate  any  number  of  times  in  a  given 
intervaj  of  time.  The  diflerence  of  the  lenguis  oi* 
the  same  pendulum  when  it  performed  a  certaim 
number  of  vibrations  in  one  hour,  and  when  it  per- 
formed another  cectain  number  of  vibrations  like-^ 
wise  in  one  hour,  he  proposed  to  use  as  a  standard 
6f  measure^  and  by  which  means  the  above-men- 
tioned sburces  of  error  would  in  a  great  measure  be 
obviated.  *  See  Mr.  IVhiiehursfs  "  Attempt  to 
obtain  Measures  of  Length,  &c.  from  the  Mensura* 
tion  of  Time  and  true  Length  of  the  Pendulum/* 

Sir  George  Shuckburgh  Evelyn,  after  the  death 
of  Mr.  Whitehurst,  upon  the  same  machine  repeat- 
ed all  the  experiments  that  the  machine  was  capable 
of,  atid  deduced  the.  following  conclusion,  **  that 
the  difference  of  the  length  of  two  pendulums,  such 
as  Mr.  Wliitehurst^s,  as  vibrating  42  and  84  times  in 
a  minute  of  mean  time  in  the  latitude  of  London^ 
at  113  feet  above  the  level  of  the  sea,  in  the  tem- 
perature of  6o°,  and  the  barometer  at  30  inches,  i» 
equal  to  SQ.SQS^S  inches  of  the  parliamentary 
standard,  from  whence  all  the  measure  of  superficies 
and  capacities  are  deducible.'*  Philosophical  TrUm-*^ 
actions,  for  1708>  page  174. 
.  Having  shewn  the  means  by  which  a  standard 
lineal  measure  may  be  obtained,  we  shall  now  in  a 
concise  way  place  before  the  reader  the  new  French 
measures.  These  measures,  as  well  as  their  weights, 
are  arranged  in  decimal  order.-  We  shall  give  first 
only  the  measures,  the  weights  are  placed  here*- 
after,  with  the  weights  of  other  nations.  The 
numbers  that  are  annexed  to  the  following  names 
express  the  number  of  English  inches. 

The  milimetre  is  the  ioth  part  of  the  centimetre^ 
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the  centimetre  is  the  10th  part  of  the  decimetre, 
the  decimetre  is  the  10th  part  of  the  metre^  and 
80  on^  _ 

Measures  of  Length. 
Milimetre  0.039371  Eng.  inches. 


Centimetre 
Decimetre 
Metre 
Decametre 
Hecatometire 
.  Chiliometre 
Myriometre 


0,39371 
3.0371 
39.371 
393,71 
S937a 
S9371. 
393716. 


The  operation  hy  these  measures  .is  thus  shewn 
to  be  very  simple^  merely  to  multiply  on  by  10,  or 
removing  the  aecimating  point  to  the  left  for  mul- 
tiplication, and  the  right  for  division.  Tlie  follow- 
ing measures  are  the  itinerary  ones. 

English  miles f  fur.  yds.  feet,  inch^ 
A  decametre  O      O       10       2       9.7 

A  hecatometre  O      O     109       1.       1 

A  chiliometre  O       4     219       1     \0,% 

A  myriometre  6    *  1     156       O       6 

Eight  chiliometred  are  nearly  equal  to  five  miles 

English^ 

Measures  of  Capacity. 

Cubic  inches, 

Millilitre  0.06 103  English. 

Centilitre  0.61028 

Decilitre  6.1028 

Litre  61.028 

Decalitre  610.28 

Hecatolitre  6102.8 

ChiHolitre  61028. 

Myriolitre  610280|, 
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A  litre  u  nearly  equal  to  2-^  English  wine  pints, 
and  14  decilitres  are  nearly  equal  to  three  English 
wine  pints.  A  chiliolitre  is  equal  to  one  tun^  and 
12.75  English  wine  gallons. 

The  Agrarian  Measures^ 

The  Are,  a  square  decametre^  or  a  scjuare  perch,  is 
now  the  principal  unity  of  Agrarian  measureSy  or  of 
French  land  surveying.  It  is  equal  to  100  cew- 
tiaresy  or  100  square  metres,  and  is  equivalent  to 
3.95  English  perches. 

The  hecatare^  or  new  arpent,  is  100  ares,  and  is 
fiqual  to  2  acres^  1  rood^  and  35.4  perches  English. 

Of  English  Weights. 

A  standard  weight  is  determined  from  a  standard 
lineal  measure  ;  for  a  body  of  an  uniform  substance 
m^y  be  taken^  and  made  very  exactly  of  any  given 
dimensions,  and  that  will  serve  as  the  standard 
weight.  In  this  manner  it  has  been  ascertained, 
that  a  cubic  inch  of  pure  distilled  water,  when  the 
barometer  is  at  29.74  inches,  and  the  thermometer 
at  $6°,  weighs  252.422  parliamentary  grains,  5760 
of  which  are  equal  to  one  pound  Troy.  About  the 
year  1757,  Mr.  John  Bird,  an  accurate  mathematical 
instrument  divider,  made  several  very  accurately 
divided  brass  standard  linear  scales,  about  three 
feet  in  length,  one  19  preserved  in  the  Exchequer, 
another  by  the  Assay  Master  in  the  mint,  and  an- 
other in  the  House  pf  Commons.  By  some  accu- 
rate and  useful  examinations  of  scales  by  Sir  Geo. 
Shuckburgh  Evelyn,  the  latter  scale  is  the  same, 
or  agrees  within  an  insensible  quantity  with  the 
ancient  standards  of  our  realm.  Also,  according  to 
the  standard,  weights  made  by  Mr,  ^arris,  ui^der 
the  order  of  the  House  of  Commons^  in  the  year 
1758,  the  weight  above  of  the  cubic  inch  ofpureflis« 
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tilled  water,  was  a  mean  result  from  a  great  num- 
ber of  trials  of  the  old  weights  in  the  Exchequer. 

In  Great  Britain  three  sorts  of  weights  have  been 
'pr\nc\^'d\ly^dopttd.Troj/weightjAvoirdupoisiV€ighty 
and  Apothecaries  weighty  but  the  Troy  pound  of576o 
grains  abovementioned  has  been  adopted  as  the 
best  integer  for  the  standard  weight. 

Troy  Weighty 

Which  is  used  for  wdghing  gold,   silver,    dia- 
,  roonds,  costly  liquors,  and  a  few  other  articles. 
24  grains  make  one  pennyweight. 
20  pennyweights  make  one  ounce. 
12  ounces  make  one  pound. 
Apothecaries  and  chemists  compound  and  vend 
their  medicines  by  these  weights ;  but  in  general 
purchase  their  articles  by  the  avoirdupois  weights. 

Avoirdupois  Weight.    . 

.    The  Avoirdupois  weights  are  used  in  commerce, 
for  weighing  all  kinds  of  grocery,  fruit,  tobacco, 
butter,  cheese,  iron,  brass,  lead,  tin,  soap,  tallow^ 
pitch,  resin,  s^lt,  wax,  &c. 
1 6  drams  make  one  ounce. 
]  6  ounces  make  one  pound. 
14  pounds  make  one  stone. 
28  pounds  make  a  quarter  of  an  hundred  weighty 
4  quarters  of  a  hundred    (or  112  pounds)  make 

one  hundred  weight. 
20    hundred    weight    (or  2240  ppunds)    nfake 
one  ton. 

A  Correspondence  between  Troy  and  Avoirdupois 

Weight. 

41  Ounces  troy,  areequal  to  45  ounces  avoirdupois. 
1  Ounce  troy  is  equal  to  1.09707  ounce  avoirdu<^ 
pois. 


Sfi(XOLD  SCOTCH  HBA3LUR9T**QUBfAM  WEIGHTS. 

1  QijiQ.ce  a,voirdupois  is  equal  to  0»9115.2  ounciB 
troy. 

1  Pound  trojr  is  equ^l  to  Owa2274  of  a  pound  zwvct 
dupois. 

1  Pound  avoirdupois  is.  equal  to  1 .215/16  pound 
troy,  or  to  1  poanc^  1 1  peoAy weights,  aqd  20  grains 
troy. 

56  Pounds  avoirdupois  of  old  troy,  or  6o  pounds 
of  new  bay,  make  ^  truss*  and.  1800  weight  of  old 
h^y  make  a  London  load. 

46  Pounds  avoirdupois  of  straw  make  a  truss,  and 
36  trusses  a  load* 

14  Poundg  of  mpst  gross  commodities  make  a 
stone. 

There  are  a  few  weights  of  other  denominations 
used  in  other  parts  of  England,  in  articles  of  trafr 
fie,  for  the  particulars  of  which  the  neader  is  re- 
ferred to  treatises  relative  to  these  articles. 

In  Scotland,  hay,  wool,  Scotch  lint,  hemp,  butter, 
cheese,  tallow,  &c.  are  sold  by  the. 

Trene,  or  old  Scotch  Measure. 

20  Ounces  make  1  pounds 
l6  Pounds  make  1  stone. 

German  Weights y  as  used  at  Amsterdam^ 

?9+T  grains.  *)  r  1  deep 

16      de^ps     V  make  )^  ^"^^®  * 
16     ounces  C  \  \  pound 

16     pounds  3  (  1  ston* 

One  English  pound  troy  is  equal  to  0.757  of  an 

^:pQsterdam  poiind  weight. 

By  the  following  table  is  shewn,  that  the  capa- 
pity  of  one  barrel  is  equal  to  34  gallons,  or  136 
quarts,  or  to  272  pints,  or  to  9588  ciibic  inches, 
ftccording  to  the  country  measure ..  also,  it  shews 


BEER^  ALE^   AN1>  Wn<S  MffASUliE. 


^1 


that  3*5^  cubk:  inches  are  equal  to  a  pint,  2  pints 
tD  a  quart,  &c.  In  a  gimxlar  way  by  the  wini^  mea^ 
sures^  and  to  the  Scotch  liqiiid  measure. 

Beer  measure  for  London  is  36  gallons  to  the  bar^ 
rel.     Ale  measure  32  gallons  to  the  barrel. 

Beer  and  Ale  measure  for  the  country  is  34  gal- 
lons to  the  barrel. 


Beer  an4  Ale  Measures^ 

Gubiclnchs. 

Pints  Qts; 

6^1 

Barrs: 

Hhds. 

Beer 

15228^ 
13536 
14982 

432 
384 
408 

216 
192 
204 

54 
48 
51 

36- 
32 
34 

H 

I 

Ale 

Country  measure.-. 

Beer 

•     10152 
9024 
9588- 

288- 
256 
272 

144 
128 
136 

Ale 

1 

Country  measure. . 

Beer  \ 

[       282 

8 

4 

1 

Ale 

Country  measure. . 

Beer 

1       70i 

2 

1 

Ale 

Country  measure. . 

Beer.  * 

}.      S5i 

1 

t 

Ale 

Country  measure. . 

• 

Wine  Measures* 


Cubic  Inches 

PinU 

Quarts 

Gallons 

Barrs. 

Hhds. 

'      14553 

504 

252 

63 

2 

1 

7276,5 

252 

126 

31+ 

1 

231 

8 

4 

1 

57,75 

2 

1 

28,875 

1 

522 


Scotch  measure. 


231  Cubic  ipches  make  one  gallon,  wine  measure^ 
by  an  Act  of  Parliament,  5th  Queen  Anne ;  but  the 
standard  gallon  at  Guildhall  contains  only  224 
inches. 

Scotch  Liquid  Measure. 


Cubic  Inchs. 

Gills 

2048 

128 

32 

Mutchkins 

Chopins 

Pints 

128 

8 

Qrts. 
64 

4 
1 

Gall. 

Hhds. 

13235,7 

512 

256 

« 

16 

1 

8^,23 

32 

16 

1 

206,8 

8 

4 

2 

103,104 

16 

4 

2 

1 

51,7 

8 

4 

2 

1 

25,85 

1 

6,462 

1 

The  Stirling  jug,  containing  one  Scotch  pint,  is 
the  original  standard  of  all  liquid  and  dry  measures, 
and  of  all  weights  in  Scotland*  It  contains  103.464 
cubic  inches.  When  accurately  filled  with  water 
at  Leith,  the  water  weighs  3  pounds  and  7  ounces 
of  Scots  troy,  (equal  to  55  ounces,  or  to  26I8O  Eng- 
lish troy  grains),  so  that  one  ounce  weighs  476  Eng- 
lish troy  grains. 

By  the  Act   of  Union,  the  barrel  for  English 
country  measure  of  34  gallons,  whose  capacity  is 
9588  cubic  inches,  is   reckoned  equal  to  12  Scots  ' 
gallons,  making  9926.7  cubic  inches. 

Subsequent  to  the  French  Revolution,  all  the 
measures  and  weights  of  that  nation  are  deduced 
from  the  metre^  {seepage  514.) 
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English  Dry  Measure  of  Capacity. 

Pints    Quarts    Pottles    Galls.  Pecks  Bush.  Qrs.  Hav  Last 

load. 


2 

1 

4 

2 

1 

8 

4 

2 

y 

16 

8 

4 

2 

1 

64 

32 

16 

8 

4 

1 

512 

256 

128 

64 

32 

8 

1 

2560 

1280 

640 

S20 

160 

40 

5 

5120 

2560 

1280 

640 

320 

80 

10 

The  capacity  of  the  standard  Winchester 'bashd  is 
equal  to  2150.42  cubic  inches. 

A  striked  bushel  is  to  a  heaped  bushel  as  3  to  4, 
that  is,  a  heaped  bushel  is  one  third  more  than  a 
striked  bushcL 

A  peck  is  equal  to  537-6  cubic  inches. 

The  avoirdupois  weight  of  a  bushel  of  wheat  at  a 
mean  is  6o  pounds^  of  barley  50  pounds^  and  of  oats 
38  poundsr 

The  weight  of  a  pint,  or  ^Vth  part  of  a  peck,  at  a 
mean,  of  wheat  is  1 5  avoirdupois  ounces^  of  barley 
124- ounces,  of  oats  is  Q^.  ounces. 

A  cubic  foot  of  Newcastle  coal  weighs  about  60 

Sounds,  and  60  cubic  feet  make  1  chaldron.  A 
eaped  bushel  of  coals  weighs  about  83  pounds 
avoirdupois,  and  36  bushels,  or  the  chaldron  weighs 
about  26.67  hundred  weighty  or  2Q68  pounds  avoir* 
{lupois. 

In  Scotland  a  leppee,  or  feed  for  a  horse,  is  equal 
to  200.345  cubic  inches. 

An  English  cubic  foot  of  water  weighs  624-  pounds 
avoirdupois^  or  1000  ounpes. 
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A  Tahk  to  reduce  kypoihentual  Lines  to  Horizmialf  the  HypiH 

inenuse  being  100  Links. 


Hyp.  100. 

Links. 

Hyp.  100. 

Links. 

Hyp.  100. 

Links. 

Z  of  elev. 
or  depres. 

Deduct 
fr.  each 
lOOlks. 

^  of  eley. 
or  depres. 

Deduct 
fr.  each 
lOOlks. 

/i  of  elev. 
or  depres. 

Deduct 
fr,  each 
100lk». 

5 
8 
9 
11 
12 
14 
15 
16 
17 
18 
19 
19 
20 
21 
22 
23 

45 
10 
55 
SO 
50 

4 
10 
15 
15 
10 
SO 
55 
45 
35 
20 

5 

1 

J* 

3 

H 

4 

H 

5 

H 

6 

ei 

7 
8  " 

23 
24 
25 
25 
26 
27 
27 
28 
2S 
29 
30 
30 
31 
31 
32 
32 

45 
30 
10 
50 
80 
10 
45 
20 
55 
SO 
5 
40 
15 
45 
20 
50 

H 
9 

]? 

Hi 

12 

12i 

IS 

13i 

14 

14i 

15 

15i 

16 

S3 
33 
34 
34 
85 
35 
36 
36 
37 
'37 
88 
88 
39 
39 
40 

25 
55 
25 
55 
25 
55 
25 
55 
20 
50 
15 
45 
15 
40 
5 

I6i 

17 

17i 

18 

184 

19 

19i  ^ 

20  ' 

20| 

21 

21i 

22. 

22i 

23 

2SJ 

Various  Standard  National  Measures. 

EngUfh  IncheSn 

The  old  PAris/oof 1 2.792 

ThehalfToise  <...  S8.356 

The  new  Paris  standard  metre^  (see  page  514.).  •  39.371 

The  Scotch  foot 1^.061 

The  Scotch  ^U  (same  as  English ) 45.0DO 

The  Rh^tdandfoot  of  Denmark ; 12.362 

The  Swedish^o^ 11.692 

The  Riga  foot 10.79 

The  Hamburgh /oor 11.290 

The  Amsterdam/)©^ 1 1 .  1721 

eU _ 26.8 

The  Russian  arcAine ••..,.  28.35 

The  MoBtowfoot . : 13.170 

The  Warsawybdi 14.03 

The  Vienna  j^o^  in  Austria 12.44 

The  Spanish  vara  of  Madrid 39.166 

foot 11.12 

ofSeviUe 33.127 

ofCastille..... 32.952 
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English  Inches* 
*the  Portuguese  vara  of  Lisbon  is  exactly  five 
palmos  de  Craveira,  or  forty  Portuguese  inches, 

and  equal  to •  4^2- 

iThe  covado  is  three   palmos  de  Craveira  avan* 

tejados^  or  24^-  Portuguese  inches,  equal  to  26tW 
Eight  inches  Portuguese  is  a  pabin. 

the  Turin  foot ^ 20. 17 

rees * ►. 28.5 

irabuccO ..,.  121.2 

llie  Genoa  palm \  gg 

J. ....... . canna 87.6 

The  Veniiice  bracdo  for  measuring  silk 25.3 

for  measuring  cloth 27. 

iThe  Florence  hraccto i  ^92 

the  bracdo  of  Rome,  foi'  architects ^ 80.72 

for  merchants. 84.07 

the  Roman  canna < 78. 

The  ancient  Roman^o^ 11 .685 

The  modern  palm 8.82 

the  ancient  Greek^o^ 1 2.09 

the  Naples  canna  . . . .- • « . .  82.9 

palm 10.31 

the  Bologna/oo* '15. 

the  VsAermofoot , 9.53 

The  bracdo  of  Milan * ...  * 20.7 

of  Bologna 24.50 

of  Parma  and  Placenza 26.9 

of  Lucca 28.5 

of  Bresica  and  Alantua 25.1 

the  mathematical ^0^  of  China 18.12 

the  buil^r's^bo^ ,12.71 

The  tradesman's  ^or '  18.82 

the  land  surveyor'sybo* *....» * 12.58 

English  Feci* 

The  andent  Roman  mile  fby  Plinius) 4840.ij 

(by  Strabo) 4903. 

stadium , CI06 

the  Egyptian  stadium 780.8 

the /i  of  the  Chinese. 606 
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A  TABLE, 

For  expediHoudy  Measuring  Timber, 


Quarter 
Girt. 

Area. 

,  Quarter 
Girt. 

Area. 

Quarter 
Girt. 

Area. 

Inches. 

Feet. 

Inches. 

Feet. 

Inches. 

Feet. 

6 

.250 

12 

1.000 

18 

2.250 

6J 

.272 

12i 

1.042 

184 

2.376 

6i 

.294 

12i 

1.085 

19 

2.506 

63 

.317 

12£ 

1.129 

194 

2.640 

7 

.340 

13 

1.174 

20 

2.717 

74 

..364 

-134 

1.219 

204 

2.917 

n 

.390 

)8i 

1.265 

21 

3.062 

n 

.417 

13i 

1.313 

214  • 

3.209 

8 

14 

1.361 

22 

3.362 

H 

.  .472 

144 

1.410 

22J 

3.516 

8J 

.501 

Iti 

1.460 

23 

3.673 

8| 

^31 

141 

1.511 

234 

3.835 

9 

.562 

15 

1.562 

24 

4.000 

9i 

.594 

154 

1.615 

24} 

4.168 

91 

.626 

154 

1.668 

25 

4.340 

9i 

.659 

151 

1.722 

254 

4.516 

10 

.694 

16 

1.777 

26 

4.692 

10^ 

.730 

161 

1.833 

264 

4.876 

101 

.766 

161 

1.890 

27 

5.062 

loi 

.803 

16| 

1.948 

274 

5-252 

11 

.840 

17 

2.006 

98 

5.444 

Hi 

.878 

17i 

2.066 

284 

5.640 

iij 

.918 

171 

2.126 

29 

5.840 

11* 

.950 

17J 

2.187 

294 

5.044 

80 

6.250 

The  number  of  the  area,  agamst  the  quarter  girt  in  the  table, 
is  to  be  multiplied  by  the  length  of  the -timber  in  feet,  and  the 
product  will  be  the  content  in  feet  and  decimals  of  a  foot.  Thus, 
suppose  a  piece  of  timber  be  16  feet  9  inches  long,  ^or  16.75 
feety)  and  the  quarter  girt  20  inches.  By  the  table  then  16.75 
X  2,717  =  45,50975  feet,  the  contents. 
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A  TABLE, 

Te  reduce  any  Length  taken  in  Links  into  Feel  and  Inchest 

• 

Links. 

Feet. 

Inches. 

,  Links. 

Feet 

22 

.  Inches. 

Links.  Feet.  Inches. 

1 

1 

0 

7,92 

J     3* 

5,28 

67 

44 

2,61. 

2 

1 

3,84 

35 

23 

1,20 

68 

44 

10,56 

8 

1 

11,76 

36 

93       9,19 

69 

45     ,  6,43 

4 

2 

•   7,68 

37 

24       5,04 

70 

46       2,40 

5 

3 

3^ 

38 

25 
25 

0,96 

71 

46 

10,32 

6 

3 

11,52 

39 

8,88 

'72 

47 

6,24 

7 

4 

7,44 

40 

26 

4,80 

78 

48 

2,16 

8 

5 

3,36 

41. 

27 

0,72 

74 

48 

10,08/ 

9 

5 

11,28 

42 

27 

8,64 

75 

49 

6,00  1 

10 

6 

7 

7,20 

43 

28 
29 

4,56 

76 

50 

1,92 

11 

3,12 

'44 

0,48 

77 

50 

9,84 

12 

7 

11,04 

45     1  29 

8,40 

78 

51 

5,761 

13 

8 

6,96 

4« 

30 

4,32 

79 

52 

1,68 

■ 

14 

9 

2,88 

47. 

31 

0,24 

80 

52 

9,60 

15 

9 
10 

10,80 

48 

31 

8,16 

81 

53 

5,52 

16  . 

6,72 

49 

32 

4,08 

82 

54 

1,44 

17 

11 

2,64 

50 

33 

0,00 

33 

54 

9,36 

18 

11 

10,56 

51 

33 

7,92 

84 

55 

5,28 

19 

12 

6,48 

52 

34 

3^84 

85 

56 

1,20 

20 

13 
13 

2,40 

53 

34 

11,76 

86 

56 

57 

9,12 

21 

10,32 

54 

35 

7,68 

87 

5,04 

22 

14 

6,24 

ZS 

36 

3,60 

88 

58- 

0,96 

23 

15 

2,16 

36 

36 

11,52 

89 

58 

8,88 

24 

15 

10,08 

57 

37 
38 

7,44 

90 

59 

4,80 

25 

16 

6,00 

58 

3,36 

91 

60 

0,72 

26 

17 

1,92 

59 

38 

11,28 

92 

60 

8,64 

27 

17 

9,84 

60 

39 

7,20 

93 

61 

4,56 

28 

18 

5,76 

61 

40 

^,12 

94 

62 

0,48 

29 

19 

1,68 

62 

40 
41 

11,04 

95 

62 

8,40 

30 

19 

9,60 

63 

6,96 

96 

63 

4,32 

31 

20 

5,52 

64 

42 

2,88 

97 

64 

0,24 

32 

21 

1,44 

65 

42 

10,80 

98 

64 

8,16 

33 

21        9,36 

66 

43 

6,72 

99 

65 

4,08 

(     50,9     ) 

•  A  Baiometrical  Table,  for  obtaining,  with  the  aid  of  a  ^ood 
portable  barometer,  die  heights  of  mountains,  depths  of  mmes, 
pits,  &c,,  in  an  easy  and  expeditious  manner ;  abstracted  from 
a  copious  table,  by  Sir  G.  Shuckburgh,  in  the  Philosophical 
Transactions,  Vol.  68,  and  its  extensive  utility  proved  by  Sir  H, 
Englefield,  in  many  experiments. 


Baro. 

Feet 
130 

Baro* 

Feet 
117 

Baro. 

Feet 
104 

Baro. 

Feet 

20,0ff 

22,25 

25,05 

28,35 

92 

20 

129 

45 

.116 

30 

103 

65 

91 

.    35 

128 

65 

115 

55 

102 

95 

90 

50 

127 

85 

114 

80 

101 

29,27 

89 

66 

126 

23,05 

113 

26,05 

100 

61 

88 

82 

125 

25 

112 

30 

99 

95 

87 

21,00 

124^ 

45 

111 

57 

98 

30,30 

86 

18 

123 

65 

IH) 

85 

97 

65 

85 

85, 

122 

87 

109 

27,15 

96 

31,00 

84 

53 

121 

24.10 

108 

45 

95 

37 

83 

70 

120 

32 

107 

75 

94 

75 

82 

87 

119 

55 

106 

28,05 

93 

32,10 

81 

28,05 

118 

80 

105 

' 

This  table  expresses  the  value  of  the  difference  of  -^th  of  an 
inch  in  the  heights  of  the  mercury  in  English  feet,  at  the  tem- 
perature of  32^  Fahrenheit's  scale.     It  use  is  as  follows : 

1.  Add  the  two  observed  heights  of  the  barometer,  and  halve 
the  sum  for  the  mean  height. 

2.  Subtract  the  lesser  from  the  greater  height  to  obtain  the 
difference  in  tenths  of  an  inch. 

3.  Enter  the  table  with  the  above  mean  height,  take  out  the 
Teet  answering  thereto,  or  make  the  proportiod,  should  the 
mean  height  not  answer  exactly  to  a  foot^ 

4.  Multiply  the  number  thus  found,  by  the  tenths  of  an  inch 
of  the  difference  of  ^he  two  barometrical  altitudes ;  the  product 
will  be  nearly  the  number  of  feet,  answering  to  the  difference  of 
altitude  between  the  two  places  of  observation,  at  the  tempera- 
ture of  32®  Fahrenheit. 

The  approximate  height,  thus  found,  must  now  be  corrected 
for  the  existing  difference  of  temperature  above  32®  Or  the 
standard.  For  every  4  degrees  that  the  mean  temperature  of 
two  detached  thermometers,  one  used  at  the  bottom  and  the 
other  at  the  top  of  the  mountain,  exceeds  32®,  add  -p^th  of 
the  approximate  height  before  obtained,  and  the  sum  will  be 
the  altitude  required. 

There  should  properly  be  applied,  a  correction  for  the  dif- 
ference of  temperature  in  the  mercury  of  two  barometers  used, 

2M 
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or  Ayr  one  6n\j  used  st  the  bottom  tnd  top  of  th«  ndontSEiii;  but 
dds  in  ordinary  obserratiofts,  and  the  ^neral  rules,  is  too 
miAute  for  attention^  being  onlj  essential  m  very  nice  obsera^ 
tiont,  and  where  the  more  accurate  logarithmic  solatioft  is 
applied. 


ObfSTf ed  barometer  at  the  bottom  of 

ahill 

Ditto at  the  top  .  •« 


|S9    6S 

m  00 


ThermoBwtcr   68* 
DIttQ 


Sum   «, 58    AS 

Meanheifht W  965 

DUr.  of  &ron«  . .   0    5S 


Half 


188 


Mean 

Standard....    88 

IJincreBQe  .  •    88 


Enter  table  with  meanl    q^      g^^ 
height,  which  giTes   /  *"      "** 
MidUply  by  difference         0*83 


Which  divided  by  4^  sires  .^th^ 


Approz.  height 

Add  diff.  of  term  -rrir') 

of  approz.  height ....  J 


471  -T  feet 
37  •Olbet 

509  -3  feet  of  tme  altitude. 


A  Tahtef  ihemng  koto  much  a  Pendtivim  thai  stoings  Seconds  at 
the  Equator^^wmU gain  every  24*  hours  in  different  Latitudes  ; 
and  haw  much  the  Pendulum  toould  need  to  be  lengthened  in 
these  Latitudes^  in  order  to  make  it  swing  Seconds  therein. 


Latitude 

Time 

Lengthen- 

Latitude 

Time 

Lengthen- 

of the 

gained  in 

ing  of  the 

of  the 

gatned  in 

ing  of  the 

Place. 

one  Day. 

Pendulum 
to  swing 

Place. 

one  Day. 

Pendulum 
to  swing 

■ 

Seconds. 

Seconds. 

Deg. 

Seccmds. 

Inch.Parts. 

Deg. 

Seconds. 

Inch.Parts. 

5 

1  .7 

0  jcoie 

50 

134  .0 

0  .1212 

10 

6  .9 

0  .0062 

55 

153  .2 

0  .1386 

15 

15  .3 

0  .0138 

60 

171  .2 

0  .1549 

20 

26  .7 

0  .0246 

65 

187  .5 

0  .1696 

25 

40  .8 

0  .0369 

70 

201  .6 

0  .1824 

80 

57  .1 

0  .0516 

75    • 

213  .0 

0  .1927 

35 

75  .1 

0  .0679 

80 

221  .4 

0  .2033 

40 

Hx     t%3 

0  .0853 

85 

226  .5 

0  .2050 

45 

114  .1 

0  .1033 

• 

90 

1 

228  .3 

0  .2065 
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A  nm  and  correct  Instrument/or  describing  Ellipses*. 

Plate  XL  Jig.  8,  represents  an  improved   instrument  for  de- 
scribing Ellipses,  invented  by  Mr.  Farey.   It  is  similar  in  principle 
to  the  oval  chuck  of  a  turninf^  lathe,  end  k  was  not  known  in  tima 
by  the  Editor,  to  be  included  in  its  proper  place  in  this  work. 
It  consists  of  two  brass  equal  circles,  A,  B,  four  inches  in  dia- 
meter, adapted  to  slide  over  each  other,  by  turning  a  pinion,  K, 
to  produce  their  required  eccentricity  for  the  delineation  of  an 
ellipse.    When  the  circles  are  placed  concentric  to  each  other, 
a  brass  ink  pen  filled  with  Indian  ink  placed  in  the  socket  6,  and 
the  circles  turned  round  by  the  snaall  pins  at  a,  u,  a,  a,  between 
the  four  straight  rulers,  D,  E,  F,  G,  the  instrument  will  describe 
a  circle  on  the  paper  underneath,  and  of  any  diameter  less  than 
that  of  the  circle  according  as  you  turn  the  pinion,  H,  or  move 
the  socket  with  the  pen  6.    The  two  rulers,  D,  E,  apply  to  the 
lower  circle,  and  the  rulers,  F,  G,  to  the  upper ;  when  the  circles 
are  made  eccentric  by  turning  the  pinion  or  nut,  K,  the  pen  will 
describe  an  accurate  elHpse,  the  eccentricity  of  which  may  be 
increased  as  required,  by  simply  turning  the  nut,  K,  for  an 
Increased  separation  of  the  circles.     Another  ellipse,  parallel  to 
the  first,  may  if  required  be  readily  described  by  loosening  the 
two  screw  nuts,  N,  O,  to  move  the  centre  frame,  and  setting  the 
pen  opposite  to  the  ruler  D,  the  frame  and  circles  may  be  moved 
with  the  longer  axis  parallel  to  itself,  so  as  to  describe  another 
parallel  ellipse. 

This  is  a  property  very  advantageous  to  an  engraver  or  other 
artist,  as  he  is  enabled  to  represent  in  perspective  the  thickness 
of  a  circular  plate,  &c.  &c.  A  pair  of  small  jointed  ink  draw- 
ing  bows,  sirch  as  is  usually  contained  in  a  common  case  of  draw- 
ing instruments,  is  a  very  convenient  and  useful  article  to  place 
in  the  socket  6;  if  a  long  arm  containing  a  pen  is  occasionally 
placed  in  the  socket  b,  an  ellipse  tolerably  correct  for  purposes 
of  delineation  on  paper  of  a  diameter  beyond  the  size  of  the  instru- 
ment can  be  drawn. 

A  more  complete  description  by  Mr.  Farey,  is  given  with  the 
instrument,  and  may  be  seen  in  the  Transactions  of  the  Society 
of  Arts  for  1812.  The  whole  instrument  is  contained  in  a  pocket 
fisli-riun  case,  6  inches  square  and  1  inch  deep^ 


A  LIST 

Of  the  principal  Tmiruments  described  in  this  Worh^  and  their 
Prices^  as  made  and  told  by  W.  and  S.  Jove3»  30,  Holbomf 

London* 


PLATE  L 

sB.  i.  d. 
Partial,  or  complete  Bingazine  cases  of  inttniiiieDtSy 

as  represented  m  the  plate,  from  1/.  ISs.  to 10  10  0 

PLATE  n. 

Parallel  rulei^,  Jig.  A,  B,  C,  D,  and  E,  according  to 

the  length  and  mounting,  from  2s.  each,  to 2  12  6 

N.  B.  Ofjfiorf.  A,  or  B,  or  C,  or  D,  or  E,  one  of  them 
is  included  in  the  cases  above,  to  order* 

Improved  ruler,  FGH 1  H  6 

Dftto  I K  L 1  16  0 

Ditto  represented  at  M,  from  10^.  6d.  to 0  16  0 

PLATE  IIL 

Fig.  1 .  Marquois's  parallel  scales,  divided 0    9  0 

-^ —  2  and  3.  Protractors,  wood  or  ivory,  from  2r.  to  0  7  0 
— —  4.  Sectors  of  box-wood,  ivory,  or  brass,  &c.  ac- 
cording to  the  length,  from  2f .  6^.  ta  • . . .  3  13  6 
— *-  7.  Brass  proportional  compasses,  six  inches  . .  • .  1  18  0 
Without  tne  adjusting  rod^  Jig.  A,  pldie  I  . .  Ill  0 
— .—  9  and  9  a.  Elliptical  sector,  and  beam  compasses  3  13  6 

10.  Beam  compasses  from  IZ.  4«.  to  •.....«..  ^  4    4  0 

-—^  11*  Sisson's  beam  compasses 3    3  0 

— —  12.  Triangular  compasses 1     1  0 

Ditto  represented  at^^.  N,  plate  1 0  13  0 

--^  13.  Calliper  and  beam,  small  size 1  11  6 

PLATE  X. 

Bevel,  &c.  rulers,  ^5.  4,  12,  15,  16,  17,  and  13, 

various  prices  from  lOff.  6ef.  to • .«.•  3  13  6 

PLATE  XL 

Fig.  1.  Suardi^s  geometric  pen 4    4  0 

Ditto,  with  a  greater  variety  of  wheels,  &c. .  7    7  0 

2.  Elliptical  drawing  board 2  12  6 

— ;-  3*  Elliptical  brass  compasses  ...•....,. 212  € 


t 
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9&»      S,  Urn 

Fig.  4.  Parabolic  drawing  machine 2  12  6 

— ~  5.  Cyclograph  for  drawing  circles  of  large  radii     4  H  6 

—  6.  Spiral  machine 3    3  q 

——  7-  P5rolractor,  perpendicular,  &c 5    5  p 

— —  8.  Farey's  new  elliptical  instrument. ; 4  14,   6 

PLATE  XIV. 

Fig,  1 .  King's  surveying  quadrant  with  sights 118  a 

— -  2.  Portable  surveying  brass  cross  and  staff ....     118  0 

—  3.  Brass  pocket  box  cross  and  staff. 0  18  0 

Ditto  without  a  staff [    OljO  6 

— —  6,  Ditto  with  a  compass  and  staff , in  g 

Ditto  with  a  divided  nonius  .and  limb  .,..!..     2  18  0 

— —  4.  Optical  square ^ ; 1     4  q 

— -  5*  Ten  inch  common  theodolite  and  staves 5    5  0 

—  7.  Best  complete  portable  theodolite 11    0  6 

PLATE  XV. 

Fig.  1.  Common  circumferentor  and  staves  ........    3  13  6 

Ditto^  without  staff. 2  12  6 

—  2  and  6.  Improved  ditto,  with  stafj;  U,  I ii/  Sd.  to    6    6  0 

3.  Miner's  compass  without  telescope,  1/.  5*.  and    1  15  0 

——4.  Fourinch  pocket  common  theodolite  andstaves    8    3  0. 
5.  Six  inch  theodolite  by  rack  work  and  staves . .  12  12  0 

Ditto  without  rack  work,  common [,     g    8  0 

PLATE  XVI. 

Fig,  1.  Second  best  7  or  8  inch  theodolite  and  staves, 

16^.  16*.  and 22    1  0 

*--  2.  Very  besi improved  ditto,  ditto ...!.*.*  33  12  0 

Eight  inch  ditto 87  16  q 

Nine  inch  ditt6 ^ 42    0  0 

N.  B.  For  large  theodolites  see  the  frontis^ 

piece,  from  80/.  to qqq    q  0 

PLATE  XVIL 

Fig.  1.  Plane  table  and  staves  in  a  box 4    4  0 

— -  2.  Beighton's  improved  ditto !.'.'.**.'!!     8    8  0 

3.  Spirit  level  of  the  best  kind  with  telescope 

and  staves,  according  to  the  adjustments 

and  finishing,  from  Sl.Ss.to 13  13  0 

Common  ditto,  without  compass,  from  3/.  IsV. 

-  ^6d.to : 6    6  0 

— "  t'  5J*  *°^^  circular  protractors,  1^  18j.  to  . . . .     2  10  0 

— -  5.  Ditto  by  rack  work,  very  best 4    40 

Common  circular  brass  protractors,  6s.  to . . .     0  18  0 

— —  6.  Perambulator,  or  measuring  wheel,  best ....     717  Q 

8.  Way  wiser  for  carriages,  6/.  6f i  to .'  15  15  0 

— -  9.  Station  staves,  the  pair , . , ,    2  15  Q 


\ 
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Fig^  la  Pocket  tpirit  level*,  from  10*.  6d.  eidi,  to. ,  111^ 

*— «  U.  Im^oved  universal  ditto 1  ll*  ^ 

.    PLATE  XIX, 

JPig^.  1 .  Hadley*«  cRiadrant,  ebooj  and  brass,  Si.  lOi.  to  4    4  O 

—  4.  Best  metal  sextant,  8  to  10  inches  radius 14  14  O 

-— i^  13. Brass  stand  and  counterpoise  for  a  ditto  ....  5     5.0 

Second  best  sextants,  8/.  8<.  to 10  iO  O 

—- 11.  Popket  box  sextant  from  S/.  3*.  to    4    4  O 

—-- 12.  Artificial  horizon  1/.  18*.  and  complete 8    3  0 

PLATE  XX. 

Fig.  2.  The  ^cw  universal  map-meter,  1?.  10s.  to . . .  2  12  6 

PLATE  XXIL 

F^.  2.  FeAtber  edged  12  inch  box  plotting  scales, 

each 0    S  6 

Ditto  ivory,  each^ 0  10  0 

PLATE  XXXI. 

Fig-.  19.  Pantiagraph,  2  feet,  best S    5  0 

— —  20*  T,  Squares,  from  Ss.Gd.to 0  10  6 

PLATE  XXXn. 

Fig.  1.  Perspective  machine , •  •  • .  6  16  6 

Commoner  mounted  ditto 4    4  0 

2.  Ditto,  ditto 5    5  0 

^— 3.  Perspective  compass 1  ^S  ^ 

PLATE  XXXin.  '^ 

fig.  2,  3,  4,  and  5.    Keith's  improved  box  paralW 

scales  in  a  cise  • . « • 0  10  6 

Ditto  in  wood  and  ivory,  or  all 

ivory 15  0 

6  and  7.  Gunner's  callipers,  from  2^  2*.  to  ... .  6    6  0 

— —  8.  Gunner's  quadrant *.....  2  12  6 

..«._  9. level  and  perpendicular 1  16  0 

For  farther  particulars  see  W.  and  S.  Jones's  general  catalogut. 


THE  END. 


C.  Daldwint  Printer. 
Hew  Sriclgt  Strettf  London* 


A 

CATALOGUE 

OF 

,  Optical,  Mathematical,  and  Philosophical 

3fiM!trument2(, 

MADt  AND  SOLD  BT 

W.  AND  S.  JONES, 

[No.  30,] 
LOWER    HOLUORN,  LONDON. 


ess 


OPTICAL   INSTRUMENTS.               £,   s.  d. 

Best  double-joInted  standard  gold  spectacles,  with  peb- 
bles, and  fish-skin  gold-mounted  case , . . ,  l6  l6  O 

Ditto,  smglc-jointcd.   with  ditto  case 10  10  O 

Best  double-jointed  silver  ditto,  with  pebbles 1  l6  Q 

pitto,  ditto,  with  glasses , 1     1  O 

^est  single-jointed,  with  pebbles 1     8  O 

Ditto,  with  glasses 0  15  O 

Best  double-jointed  steel  ditto,   with  glasses O    9  O 

Secondbestdouble-jointedsteelspectacTes,  with  spring  case  0    8  0 

Common  ditto O    4  6 

Best  single-jointed  steel  spectacles,  with  fish-skin  case  ..  0    5  6 

Second  best  ditto 0    3  O 

Common  ditto O    2  Q 

Tortoiseshell  spectacles,  silver-jointed,  with  pointed  and-  * 
other  shaped  sides,  peculiar  for  their  lightness  and  unin- 

temiption  of  dressed  hair,  in  morocco  leather  cases. ...  0  10  S 

Ditto,  double-jointed  frames 6  l6  6 

^ctacles  for  eyes  that  have  been  couched i. . . .  O    7  6 

Ditto,  with  green  glasses  for  very  weak  and  inflamed  ejes^ 

according  to  the  frames,  from  65.  to 1     1  O 

Ditto,  for  the  same  purpose,  with  new  contiived  portable 

shades  to  screen  th^  eyes  from  candljB,  or  other  light. ...  0  If  O 

Noee spectacles  in  silver O    ^  6 

Ditto,  in  tortoiseshell  and  silver 0    4  6 

Spectacle  cases  in  great  variety,  from  3J.  each  to O  16  O* 

Concave  glasses  for  short-sighted  persons,  in  horn  ca^es. .  0    2  0 

Ditto,  in  tortoiseshell,  pearl,  silver,  &c.  from  3i.  to  . . . .  2    2  O 

Ditto  in  new  contrived  frames  for  shooting  caps O  16  O 

Reading  and bumingglasses  in  various  mountings, fix)m35.to  1  I6  0 

Convexglassesforwatch-makers,engrav^,  &c  fromli.to  0  10  6 

Gogglers,  to  guard  the  eyes  from  the  dust  or  wind. .....  0    4  6 

New  green  li^ht  shades  for  the  eyes O    6  Q 

Pxutfed  by  W.  Gle&diaaiDgi  25,  HaiWn  Garden,  Londop,  IBIS.    . 
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£ 
Opera  g!a«Mf  in  great  irarictj  of  monndngt,  fromflr.U.  to    2 
Ditto  on  animprovedconttnietion  of  glassei^plain  moonting    1 
Rbfractimg  Telescopes  of  TaricHis  lengths,  lOs,6d.to    l 
Two  feet  day  and  night  best  achromatic  telescopes. ...     3 
Achromatic  stick  telescojpes,  of  Tarious  lengths,  from  1 9s,  to    4    O    O 
The  new  improved  one-toot  ditto,  with  three  sliding  brass 
tubes,  by  which  an  instantaneous  view  of  the  object  is  ob-    ' 
tained,  and  shnts  up  to  a  short  length  for  the  pocket  • .     1 

Second  beat  two  drawers  ditto 1 

Twenty  inch  best  three-drawen  ditto 2 

Two  feet  best  three-drawers  ditto •     3 

Three  feet  best  five-drawers  ditto  6 

Four  feet  five-drawer  best  ditto 8 

The  preceding  telescopes  fitted  up  elegantly  with  silver  or 

plated  tubes,  from  2/.  2f.  to 21     O    O 

Astronomical  eye-pieces,  and  portable  brass  stands  for  the 

above,  from  lOx.  6^.  to 2  12    6 

The  new  improved  2^  feet  achromatic  refractor,  on  a  brass 
stand,  mahogany  tube,  with  two  sets  of  eye-glasses^,  onb    ' 
magnifying  about  forty  times  for  terrestrial  objects,  and 
the  other  about  seventy-five  times  for  astronomical  pur- 
poses, packed  in  a  mahogany  case 10  iO    O 

Ditto,  ditto,  the  tube  all  brass,  with  three  eye-pieces 11  11     O 

The  3}  feet  ditto,  ditto,  mahogany  tube 18  18    O 

Pitto,  ditto,  brass  tube 19  19    O 

]}itto  all  in  brass,  with  rack-work  motions,  &c.  26A  5s,  to   3JS  15    O 
Achromatic  perspective  glasses  for  the  pocket,  in  brass,  &c. 

tubes,  with  a  change  of  eye-glasses,  from  ]2i.  to 3    3    O 

New  improved  ditto,  answering  the  purpose  of  an  opera     ^ 
glass4  with  a  compass  and  helioscope  for  viewing  the 

sun,  fiom  1/.  3f .  to 2    2    O 

New  improved  achromatic  pocket  telescope,  which,  by  a 
small  apparatus  ^thin  its  tubes,  is  readily  converted  into 

a  small  compound  microscope 3  13     6 

An  impioved  portable  7-inch  achromatic  telescope  in  brass, 
with  a  stand  that  packs  up  into  the  tube  of  the  telescope, 

adapted  for  astronomical  uses 4    4    O 

KefIiECtino  Telescopes,  fitted  up  either  upon  the  Gregth 
rian,  Newioman^  or  Hmcbelian  principles,  with  improved 
wood  or  metal  stands,  and  other  apparatus,  for  making 
celestial  observations  in  the  most  commodious  and  accu- 
rate manner. — The  general  prices  are  as  follow :  '^ 
v^Fifteev  feet  in  length,  the  large  metal  fifteen  inches  in 

diameter,'  from  25€tf.  to 500    O    0 

»*-Twelve  feet  in  length,  fourte^^n  inch  metal 200    0    0 

•-Ten  feet  in  length,  twelve  inch  metal » 150    O    O 

—Eight  feet  in  length,  eleven  inch  metal 140    0    O 

-■-Six  feat  in  length,  nine  inch  metal 100    O    0 

•i«-Fourfeet  in  length,  in  brass  tubes,  with  portable  brass  or 

nuhogany  framed  stands,  from  40/.  to 100    O    0 

Tbtne  rectors  that  are  constructed  upon  tie  ffincipJes  of  Newton  or 
Hersdiel,.  art  about  twice  the  above  lengths  in  the  tubes.  The  reAtcUirs 
mptm  theusuai  Gregtrian  construe  fwn  ate  made  with  the  vertical  motion 
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upon  a  new  frhcifk,  saas  to  render  ihm  mori  Jirm  and  ste^d^  whik  in 
use,  than  anf  r^fUciors  mounted  in  tbecammon  manner • 
A  four  feet  7-inch  aperture  Gregarun    reflector,   with 
the  vertical  motioo  upon  a  new-invented  prinaiplc,  as 
well  as  apparatus  to  render  the  tube  more  steady  in  ob* 
servation;  according  to  the  additional  apparatus  of  small  ^.    i.    d, 
speculnms,  cye-piece9>  micrometers^  te.  from  80/.  to. . . .  100    O    O 
Three  feet  long,  mounted  on  a  brass  stand>  common  mount* 

ing 23    2    tf 

Ditto  with  rack-work  motions^mprovedmounting^andmetals  38  17    Q 
Two  feet  long,  without  rack-work^  and  with  four  magnify- 
ing powers,  improved 15  15    O 

Ditto  improved,  with  rack-work  motions 22     1     0 

£ighteen-inch  on  a  plain  stand , . , .    10    O    O 

Twelve  inch  ditto 6    6    O 

Telescopes,both  retracting  and  reflecting,  fitted  up  with  e(|ua- 
torial,  &c.  motions,  micrometers,  adjusting,  compensatmg, 
&c.  apparatusyfor  the  most  accurate  astronomical  purposes 

Common  Microscopes,  from  55,  to 1     1    0 

Wil8on*s  single  pocket  microscopes,  from  1/.  4x.  to 3  13    0 

Compound  microscnpes  improved^    from  3/.  ds»  to  . . .  •     5  15    6 

New  improved  universal  ditto •«.......,     7    7    0 

Ditto  with  the  most  complete  apparatus 110    6 

Solar  microscopes  in  brass,  improved,  from  5/.  55.  to •     Q    6    0 

The  new  opake  and  transparent  solar  microscopes,  with  im- 
proved apparatus,  from  12/-  12s.  to i . . .  •   l6  l6    0 

Ditto  of  a  larger  size,  with  additional  megalasdipic  appa* 

ratus,  from  14/.  14;.  to ig  IQ    0 

Ditto,  and  best  compound  ditto,  packed  together  in  one  ma* 

hc^any  box 21    0    0 

The  LucBBNAL  Microscope,  as  improved  by  fK.  Jones, 
exhibiting  images  of  opake  and  transparent  objects,  by 
ftight  or  oxfi  in  a  manner  singularly  pleasing,  brilliant, 
and  distinct,  with  upwards  of  100  objects^  proper  appa* 

ratus,  patent  lamp,  &c 18  18    O 

I^itto  combined  with  a  solar,  compound,  &c.  apparatus, 
forming  the  most  perfect  collection  of  microscopical  ap^ 

paratus 39  18    0 

A  portable  optica)  apparatus,  consisting  of  a  sdoptic  ball 
and  socket,  a  solar  microacope,  Wilson's  miciosccm,  a 
pocket  compound  microscope,  a  pocket  telescope,  and  solar 

telescope,  in  mahogany  and  brass 4    4    0 

Pocket  microscopes  for  opake  objects,  from  1&,  to 2  12    6 

Botanic  microscopes  for  flowers,  &c.  from^f.  to 1  11     6 

A  new  universal  pocket  ditto>  adapted  to  all  sorts  of  ol^ects    18    0 

Ditto  with  adjusting  screw,  silvered  speculum,  fee 2  10    O 

Cloth  microscopes,  nrom  4s.6d,io O  10    tf 

T*r  tUferiftiom  9/  aU  the  mofi  imprvutd  ASerofe^pfif  fet  th  late  Mr,  G.  Adams'I 
Essays  on  the  Microscope,  eorrecteH  and  improotd  iyt,  KAiriCAtHiia,  F.i.i.  4I#« 
wtk  Zlfili9  flatea.    Pr/M  l/«  ]2x. 

Magic  lanthoms,  as  phantasmagoria,  Src.  from  l/.  4f .  to. .     0    6    O 
Do,  with  new  set  of  move^bte  painted  tlidcfti  shewing  tbs  fwin^ 
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mental  prineiples  of  astmnomy,  with  the  rati  and  tpfm- 
rent  motions  and  positions  of  the  planets,  stars,  &c.  frc, 

accompanied  by  a  proper  improved  lanthom,  complete  .,  15  iS  O 
Small  magic  lanthorns,  with   twelve  sliders,  complete,  at 

7s.6d.—lOs.6d.—}2s.  and 1  O  -  O 

Ditto  with  twelve  sliders  of  best  English  paintings 2  8  O 

Optical  diagonal  machines  for  viewing  prints,  from  1/.  5^.  to  ■  2  2  O 

Perspective  views  in  great  varietr  for  ditto,  each O  I  9 

Scioptic  balls  and  sockets,  trom  15j.  to IIJ  6 

An  artificial  eye  in  brai%  to  exemplify  the  nature  of  vision  1  15  O 

For  a  descrittiofi  of  the  frineifU  of  thit  imtrumentf  m  «i«//  m  of  tfeetaeliSf  rtrndimg 
g/msstSf  ifc.  ue  the  Latt  Mr,  G.  APAMs's  Essay  on  Vision^  Sv».  fnc€  3«.  nrw 
soid  by  W.  and  S.  JoNES. 

Camera  obscura  for  the  pocket,   from   12j.   to 3  3  0 

A  new-iu vented  folding  ditto,in  portable  morocco  leather  case  2  10  O 
Large  ditto,  shutting  up  like  a  Dook  or  neat  portable  chest, 

the  objects  represented  on  paper,  from  4L\As,6d.   to..  6  l6  6 
Concave   and  convex  glass   mirrors,  in  plain  black  frames, 
four,   five^  six,  and  seven  inches  diameter,  each  Qs.  1%, 

\As.  and .,  0  18  Q 

Eight  inches  diameter  ditto 1  1  O 

Nine  inches  ditto  . . . ,, , ^ 1  7  O 

Ten  inches  ditto 1  12  O 

Twelve  inches  ditto 2  5  O 

Fifteen  inches  ditto 3  13  6 

Eighteen  inches  ^tto 6  6  O 

Twenty-  one  inches  ditto g  Q  Q 

Twcnty-£bur  inches  ditto 1111  O 

Concave  mirrors  ground  cylindricajly,  possessing  several 
curious  properties  in  the  deformation  ot  objects  j  accord- 
ing to  the  size,  from   \l.  5s.  lo 5  5  O 

Concave  metal  burning  mirrors,  from  3/.  13j.  6d,\.o 21  O  0 

Glass  prisms,  plain  or  mounted  on  stands,  from  10^.  6J.  to  1  II  6 
A  curious  set  of  optical  models,  where  the  rays  of  light  arc 
represented  by  variously  coloured  silken  strings,  and  il- 
lustrating the  principles  of  vision,  telescopes,  prisms,  &c. 

packed  in  four  cases 7  7  O 


MATHEMATICAL  INSTRUMENTS. 

TH»ODOt.iTi:s  of  the  common  construction,  and  of  the  best 

workmanship,  from  4/.  4j.  to 31  10    O 

A  portable  theodolite,with  a  telescope,  level, and  vertical  arch     8     8    O 
Ditto  lai^er,  with  parallel  plates,  &c.  divided  to  two  minutes  12  J  2    O 

Ditto  with  rack -work,  motions,  divisions  to  a  minute 22  •   i     O 

A  new-improved  theodolite,    with    two  achromatic  teles- 
copes, and  contrivances  for  very  accurate  adjustment ...  33  1 2     O 
A  4-inch  imprpved  ditto,   by  which  the  vertical  and   hori- 
zontal angles  are  shewn  at  the  same  time,  with  rack -work 

nootions,  anu  portable  parallel  plate  staves,  &c IJ  11     O 

Circuaiferdntors    much  ii«ed  in  wood  lands,  from  2/.  2s,  to    4    4    O 
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An  improrecl  ditto,  ooDtriyed  to  answer  the  purposes  ot  a 

common  theodolite,  level,  altitude  instnimeiit,  &c. .  .  •  6    6  0 

Surveying  crosses  or  squares,  on  a  staff,  from  lOs,  6J,  to  ,,  111  6 

A  brass  cylindrical  ditto,  with  a  staff 0  18  0 

Ditto  with  compass,  agate  capped  needle,  &c.  .« Ill  6 

Improved  ditto,  with  rack-work  and  pinion,  and  moveable 
divided  limb,  making  a  very  portable  cross-staff,  compass> 

and  theodolite,  in  one  small  instrument • 2  18  O 

Levels  of  the  latest  improvement  firom  2/.  2f .  to 12  12  O 

A  pair  of  Station  staves,  with  sliding  vanes,  for  levelling.  <..  2  l6  O 
Plane  tables,  with  index,  sights,  &c.  complete,  firom  4/.  4j.  to  6    6  O 
Pantagraphs,  by  which  any  person  unskilled  in  drawing  may 
copy  plans,  surveys,  profiles,  drawings,  &c.  in  any  pro- 
portion to  theori^nal,  from  1/.  \&s.  to 6  l6  6 

'  Perambulators  or  measuring  wheeb,  from  7/.  17^*  6/f.  to  ..  10  10  O 

Gunter  s  measuring  chain,  according  to  strength,  from  5s.  to  O  12  O 

•  navigation  scale,    from  3s,   to O    4  O 

•  ditto  improved  by  Donn,  with  book  of  directions  » .  O  6  O 
■     ■     ■  ditto  improved  by  Robertson,  with  brass  adjusting 

screws,  Bee.  being  the  completest  scale  of  the  kind  .  .     1  15     O 

sectors  of  various  lengths,  from  2f .  to I  15    O 

A  new  pocket  lO-inch  box  sliding  rule  for  solving  all  sorts  of 

problems  in  trigonometry,  mensuration,  &c O    4    6 

Measuring  tapes,  1,  2,  3,  and  4  poles,  5s.  ys.  6d,  Qs,  to,  , .  Oil  O 
PedometeiB  for  ascertaining  distances;  to  sq>ply  to  carriages  10  O 
Miner's  compasses  for  working  in  subterraneous  grounds, 

from  iL  OS,  to 2    2    0 

Cases  of 'drawing  instruments,  from  5s.  6d.  to 5    5    0 

Magazine,  or  complete  collection  of  every  kind  of  useful 

drawing  instruments,  from  51, 5s,  to 35    0    0 

A  new  portable  drawing  board  and  seat,  the  board  folds  up 

for  the  pocket,  and  the  legs  of  the  seat  form  a  walking  stick     1     1     O. 

Proportional  compasses,  from  iL  lU,6d.to 3     3    O 

Elliptical  compasses  of  various  degrees  of  perfection  and  uti 

Hty,  from  i6j.  to 10  10    0 

Triangular  compasses,  by^  which  three  points  at  once  may  be 

transferred,  from  13i.  to 1     5     0 

Hair  compasses  that  take  extents  to  a  great  accuracy 0    7     6 

Beam  compasses  for  dividing  large  circles,  projections,  &c. 

from   1/.  8;.  to / 5     5     O 

lk>wcoitipasses  for  describing  "wery  small  circles,  from  3s.  6d,  to    0    6    O 

Perspective  compasses  to  take  angles,  &c 118    O 

Parallel  rulers  ot  different  constructions,  from  2s,  to 2  12    6 

Protractors  for  laying  down  angles,  from  2s.  to •      1     1     O 

Ditto  with  a  nonius  and  moveable  limb .     2    'I    O 

Ditto,  ditto,  with  teeth  and  pinion 4    4    0 

Sets  of  protracting  and  plotting  scales  ;  instruments  for  divid- 
ing lines  or  transferring  divisions  on  paper.  An  instni- 
ment  for  describing  circles  from  four  to  six  inches  radius 
or  to  the  utmost  conceiveable  distances-Gunners  callipers 
Gunners  levels ,  or  perpendiculars-— Shot  'gauges— St^cU 


ditt0-«-GfinBen  quadrants,  with  a  plnmmet  or  level,  or 

a^usting  screw,  &c.  and  all  other  instruiKients  for  militaiy 

pmtposes. 
HADtBY  8  Quadrants,  mahogany,  the  divisions  on  wood    2    2    O 
Dittotnahogany  withivoiy  arch  and  nonius/loubleobservatioa    2    6    O 

Di^to,  ditto^  a  brus  index,  double  observation 2  12    G 

Ditto,  ebony  and  brass^  best  glasses,  engine  divided,  &c.  . .  3  3  O 
EboiKV  and  brass  mounted  best  sextants,  from.  4/.  4s.  to  8  18  ^ 
Metal  ditto,  framed  on  a  principle  the  least  liable  to  be 

itatped  or  strained,  with  adjusting  screws,  telesco|^,  and 

e^er  auxiliary  apparatus,  the  most  proper  for  taking  dis* 

tances  accurately,  to  determine  the  longitude  at  sea,  &c. 

from  13/.  I3x.  to% l6l6    0 

A  new  small  3-inch  pocket  box  sextant  to  take  angles  to  a 

minute^  from  2/.  25.  to 4    4    O 

Artificial  horizons,  by  pandlel  glasses  and  quicksilver,    to 

take  double  altitudes  by 118     O 

<6uiiter*s  quadrant,  fipom  6i.  to .' 1     1     O 

Azimuth  compasses  of  diderent  constructions,  from  5L  5^.  to  12  12    O 

Pocket  compasses  from  2^.  6i.  to 5    5    O 

Horizontal  sunnlials,  in  brass,  made  for  any  latitude,  of 

four,  five,  or  six  inches  diameter^  divided  into  five  mi* 

ntates  of  time,  each  at  Js,  10s.  and 0  14    O 

Ditto  seven  inches 0  18    O 

Ditto  eight  inches,  into  two  minutes 1     6    O 

Ditto  ten  inches,ditto 2    O    O 

Ditto  twelve  inches,  ditto «  .  > 2  18    O 

Ditto  fifteen  inches,  into  every  minute,  thirty-two  points  of 

the  compass,  &c 5    5    O 

Ditto  eighteen  inches  ditto>  ditto,  with  equation  table,  &:c.    9    9    O 

Ditto  2  feet  diameter,  ditto,  ditto I6  I6    O 

A  new  universal  ditto  and  equatorial^  making  a  very  port« 

aUe  angular  instrument,  from  8/.  8i.  to 31  10    O 

Universal  ring«^als,  from   I4s.  to 10  10    O 

Fw  a  geturai  deicnfiioH  and  representathfi  9f  the  initrumentt  wed  in  wrvtyin^f  icuel^ 
ihigf  ami  other  branckes  of  practical  geometty^  see  the  late  Afr.G.  Adams's  Gcome* 
trical  9ni.GTz\Aiite\^tiLy%y  an  imprwed  edition  by  W.Joy  ss,  in  two  vols.  tx-o. 
l8f  3,  W/A  thirty-five  folio  copperplates.    Price  l6i. 

ASTRONOMICAL,   &c.  INSTRUMENTS. 

A  portable  Transit  Instrument^  with  a  cast-iron  stand, 
to  ascertain  tne  rate  of  chronometers,  and  clocks,  the  longi- 
tude, &c.  the  axis  is  twelve  inches  in  leng^,  and  the  tele- 
scope about  twenty  inches,  packed  in  a  case 15  15    O 

Ditto,  with  a  brass  framed  staiui,  and  other  additions  ....  20  O  O 
Transit  instruments  of  largei  dimensions  made  to  order. 

The  new  Circular  Instrument    and  Eauatorials,^ 
from  63/.  to 180    O    0 

Planetariums,  shewing  the  phaenomena  of  the  Ptolemaic  ^ 

and  Copemican  systems,  from  yhJs.Ui •   56    0    O 

Manusl  orreries  ot  the  common  coRStmctioni  3/.  3^.  to  •••     5  15    6 
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Joneses  (Wm.)  new  portable  orniy^  the  tellurian  part  •  •  •  •     i  10    O 

Ditto,  the  planetarium  part i     8    0) 

Tellurian  and  planetarium  together,  making  the  New  P&^l- 
able  Orrery y  packed  in  boxes,  according  to  the  aizes  and 

wheel-work,  from  3/.  13x.  6d,    to 6  l6    6 

A  complete  planetarium,  tellurian,  and  lunarium,  all  in 
brass,  shewing  the  motions  completely  by  wheel-work, 

packed  in  a  portable  mahc^ny  case • .  • .  •   3/  l6    O 

Other  planetanums  and  orreries  in  great  variety,  the  mo- 
tions by  wheel-work,  exemplifying  all  the  motions  and 

phaenomena  of  all  the  planets,  from  4(tf.  to iOOO    O    O 

A  Cometarium,  for  exemplifying  the  motion  of  comets  ....    §    S    9 
llie  New  Eighteen  Inch  British  Globes— The  Ter* 
restrial,  containing  all  the  latest  discoveries  and  commu- 
nications, from  the  most  correct  and  authentic  observa* 
tions  and  surveys  to  the  year  1809,  engraved  from  an 
accurate  drawing  by  Mr.  Arrowsmitb.'-^Tht  Celestial  con- 
taining the  positions  of  nearly  6000  stars,  clusters,  ne- 
bulae, planetary  nebulae,  &c.  correctly  computed  and  laid 
down,  by  Wi  Janes,  for  the  year  1800,  from  the  latest  ob- 
servations and  discoveries,  by  Dr.  Mashlyne,  Dr.  Herscbel,' 
the&ev.  Mr.  JVoUaston,  &c. 
A.  B.  These  are  the  only  modem  18-inch  globes  in  the  Eng- 
lish language  extant,  the  plates  being  engraved  from  entire 
new  drawings,  and  are  dedicated,  by  permission,  to  the 
Right  Hon.  bir  Josef  b  Banks,  Bart,  P.  It.  S,  and  the  £ev. 
Dr.  Maskelyne,  Astronomer  Royal. 

In  common  plain  frames  of  stained  wood «,.    8    8    O^ 

A  compass  futed  to  both  the  frames  of  ditto 0    6    O 

A  pair  of  red  leather  covers  for  ditto 1     8    O 

The  same  globes  in  best  mahogany  daw-feet  frames,  with 

large  compasses  fixed  to  the  claw  feet IS  J3    O 

Ditto,  in  more  elegant  and  varnished  frames,  with  improved 

brass  sliding  hour  circles,  from  14/.  I4s,  to IS  18    O 

Red  and  stamped  leather  covers  for  the  above,  from  l/.lQr.  to    2  12    O 
The  New  Twelve  Inch  Bbitish  Globes,  reduced  trom 
the  above,  being  the  most  recent  and  correct  of  any  extant, 
mounted  in  neat  mahogany  claw-feet  frames,  with  com- 
passes      6    6    O 

Ditto,  in  common  coloured  wood  frames 4    4    O 

Additional  price  of  a  compass,  and  fitting  to  both  globes ...    O    5    O 

A  pair  of  red  leather  covers  for  ditto O  13    O 

Globes,  nine  inches  diameter,  with  the  new  discoveries  «•  •    3    7    0 

Ditto,  six  inches  ditto,  plain  frames •    2    2    O 

Ditto,  ditto,   best  mounting « 3    3    O 

Ditto^  three  inches  ditto,  in  claw-feet  mahogany  hMoen  .220 
Ditto,  three  inches,  single  one  in  a  case  for  the  pocket .  ••  0  Q  O' 
Geographical  planispheres,  to  solve  problems,  mounted  as 

a  hind  fire  screen 0    g    Q 

A  brass  armillary  sphere,  three  inches  diameter  .«•.,•..••     8  13    6 

A  iour  inch  ditto •••••«•••••.     4  14    fi 

A  six  inch  ditto  ».... ••• ..  •••••«»«i.««»i*«    6    6    Q 


^A  nine  inch  ditto 10  10     O 

A  brass  armillarjr  sphere,  twelve  inches  diameter 13  13     O 

Larger  ditto,  with  planetarium,  from  21/.  to 105     0     O 

,^or,ft  gtMerai  desert pthn  of  wrerlet  and  other  astrmtvmical  instrument ^  see  the  latg 
Mr,  G.  Adams'«  Astrononucal  Essays,  8t/o.  'with  sixteen  plates  i  sixth  editieu^^ 
frice  t2f.  nowsoidh'^   and  S.  Jones. 


PHILOSOPHICAL,  &c.  INSTRUMENTS. 

A  single-barrel  Air-Pump,  with  receiver 2  12  <5 

^Improved  ditto,  exhausting  more  accurately * . ..  5  15  O 

^A  •mall  double-barrel  air-pump,  with  gauge-plate 5  15  G 

A  middle  size  ditto *.,  *  i , *  7     17  (> 

A  large  size  table  ditto 11  11  o 

Air-pump  of  the  largest  sort,  exhausting  more  accurately, 

being  upon  an  improved  construction^  from  20/.  to 40    0  O 

Condensing  engines,  from  jLjs.  to 21     0  O 

Fapin's  digester  improved^  with  a  stand,  &c 4  14  6 

The  principal  Apparattis  for  the  Air  Pump  as  follow  : 
Guinea  and  feather  apparatus,  demonstrating  the  resistance 

ot  the  air,  with  one,  two,  or  three  falls,  from    lar.  to..  2    0  O 

A  set  of  wind-mills  for  the  same  demonstration i   14  O 

The  brass  hemispheres,  shewing  th&air  s  external  pressure, 

from  18j.  to  • 1  10  O 

A  bell,  proving  that  there  is  no  sound  ^luioijt  air 0  10  6 

Improved  construction  of  this  bell,   from  ]/•  h.  to 3    3  O 

Lead  weights,  with  bladder,  &c.  proving  the  air  s  elasticity  0  17  0 
^The  doumc  transferrer,  that  transfers  a  vacuum  from  one 

receiver  to  another,  by  turning  stop-cocks  only 3    0  O 

^A  model  i>i   a  water-pump,  exemplifying  the  nature  of 

pumps,  and  jproving  the  absurdity  of  what  IS  called  jttrf;fl«  .  1     70 

,A  siiiglc  transferrer,  plate,  and  pipe,  for  a  fountain 1     0  O 

*A  copper  air-pipe  for  experiments  on  infected  air 0  18  O 

,A  flat  plate,  collar  of  leathers,  with  sliding  wire,  for  placing 

cm  receivers O  12  O 

An  apparatus  for  firing  gunpowder  in  vacuo O  IS  O 

A  copper  bottle,  beam  &  stand,  for  accurately  weighing  air  2  12  0 

A  glass  vessel  for  making  a  fountain  in  vacuo O    5  6 

Ditto  on  a  larger  and  different  construction 016  O 

A  glass  with  a  bladder,  shewing  the  action  of  the  lungs  ...  O    6  O 

Ditto  mounted  with  the  figure  of  a  Bacchus 1   lO  O 

A  balance  beam  and  stand  . O    7  (> 

A  filtering  cup,  shewing  the  porosity  of  vegetables  .: 0    5  O 

A  plate  and  piece  of  wood  fot  the  same  purpose 0    4  6 

An  apparatus  for  striking  flint  and  steel  in  vacuo O  1 8  O 

The  Torricellian  experiment O  18  <  O 

Pruit  stand O    3  6 

Candlestick « 0    3  Q 

Syringe  with  lead  weight O,  10  6 

Six  breaking  squares,  cage  and  cap O  10  6 

Glass  bubble  and  stand ,  O    3  6 

^Hand  and  bladder  glasses O    4  O 

With  a  great  variety  ot  receivers,  and  other  apparatus^  as  described 

by  various  authon. 


[9] 

£.  J.  /. 

Exhausting  and  condensing  syringes,  from  lOs.  6i.  to  .  .  i  «  111  <> 

Exhausting  syringes,  wi£  sets  of  cupping  glasses,    breast  - 

glasses, .'with  scarificator,  complete 4  14  6 

Air  fountains  of  copper,  with  various  jets,  from  5l.  5s.  to. .  9    Q  O 
Ctiindbr  and   Plate  Glass  Electrical  Machines, 

with  conductors  and  jars,  from  2/.  125.  6d,  to 12  12  O 

Ne\^  and  much  improved  ditto,  from  3/.  13j.  ^.  to 42    O  Q 

Electrical  machines  and  complete  apparatus  for  medical 
purposes,  packed  in  boxes,  the  cylinder  from  seven  to  ten 

mches  diameter,  from  6/.  6s,  to 12  12  O 

An  electrical  machine,  with  apparatus,  for  philosophical 
experiments  and  medical  uses,  packed  in  a  box,  the  cy- 
linder about  eij^ht  inches  diameter,  from  9/.  ps.  to 16  l6  Q 

Afparatusfor  Electrical  Machines  as  follow  e 

Electrical  batteries  of  combined  jars^^  from  2/.  12^.  6d,  to  10  10  O 

An  universal  discharger,  with  a  press •«  1     8  O 

A  quadrant  electrometer  with  divided  arch O    7  ^ 

Jointed  dischargers  with  glass  handles O  10  6 

Common  joint^  ditto,  ditto O    7  ^ 

An  useful  and  illustrative  apparatus,  compounded  of  the  lu- 
minous conductor,  exhausted  flask,  two  jars,  exhausting 

syringe,  insulated  stand,  and  wires  with  balls,  &c.  complete  3     3  O 

Luminous  conductors,  from  12;.  to 1     5  O 

Exhausted  flasks,  called  the  Aurora  Boreal  is 0    6  0 

A  thunder  house,  demonstrating  the  use  of  conductors O    6  6 

A  ponder  house  for  the  same  purpose O  16  O 

An  obelisk  or  pyramid  for  ditto O  10  ^ 

A  set  of  plain  bells,  three  to  a  set O    7  6 

A  new  set  of  musical  ditto,  containing  the  gamut 110  O 

A  magic  picture  for  giving  shocks O    7  6 

An  electrical  cannon,  to  be  discharged  by  hydrogen  gas. .  O  }6  6 

Brass  pistols  for  ditto O    7  6 

Spiral  tubes  to  illuminate  by  the  sp-^rk,  from  6;.  to 0  10  0 

Luminous  names,  or  words,  from  iOs.  6d,  to ,,,  111  6 

Spotted  jars,  from  6s.  to   0  10  6 

A  double  jar  for  explaining  the  Franklinian  theory O  16  O 

Copperplates  and  stands  for  dancing  images O    Q  O 

An  electrical  tin  fire  house 0  12  O 

An  electrical  shooter  and  mark p    5  O 

A  mahogany  stand  for  eggs O    5  6 

A  small  head  with  hair O    7  ^ 

An  artificial  spider O     1  6 

An  electrical  swan ., O    2  O 

An  electrical  star O     1  6 

Balls  of  wood,  bone^  &c.  each  from  6^/.  to O    2  6 

A  curious  collection  of  working  models,  to  be  set  in  motion 
by  the  electrical  fluid,  consisting  of  a  corn  mill  and  a  three- 
barrelled  water  pump,  worked  by  one  crank  only ;  an  or- 
rery, shewing  the  diurnal  motion  of  the  earth,  age,  and 

phases  of  the  moon,  &c.  an  astronomical  clock,  shewing  . 
the  aspects  of  the  sun  and  moon,  age,  phases)  &c.  all  deli- 
cately made  of  card-paper,  cork,  and  wire  only,  packed  in 

deal  case     •••  .,7.  .•.••••*••..•»•..••••••.••••••••. .  '3     3  O 
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KiBBenky*!  eleetnca]  air  thermometer I 

Caya]lo*6  atmo^herical  electrometer O 

Ditto,  u  improved  by  Saussure 1 

13eonet*8  gold-leaf  electB>meter O 

The  new  discharging  electrometer,  by  which  the  forces  are 

denoted  by  grain  weights 1   IS     O 

Voita*t  new  GaWanic  pile  oi  zinc,  and  silver,  or  copper,  &c. 

plates,  that  produces  spontaneous  and  repeated  electricity, 

decomposes  water,  from  1/.  iSs.  to 6  l6    6 

Zinc  plates  for  ditto,  sold  separately,   per  100 0  15    O 

Ditto,  in  troughs,  to  ibrm  Galvanic  Batteries,  from  1/.  ISs.  to  10  JO    O 

An  electropborui,  complete,  from  10s.  ^.  to 3     3     O 

Conductors  for  the  preservation  of  ships,  houses,  &c.  from 

lightning,  from  3/.  3x.  to 5     5    O 

The  Medical  Jffeuraiui  amsLis  cf 

Jan  with  electrometers,  from  12s.  to 1     1     O 

A  new   ro&Ucai  ditto,   for  communicating  shocksi  in  the 

most  convenient  and  qualified  manner O 

A  pair  of  directors,  glass  handles,  wood  points,  &:c O 

An  electrometer  to  apply  to  the  conductor  , O 

A  brass  ball  and  wire  for  taking  sparks,  4;.  6ii.  to O 

£lectrical  insulated  stools  and  chairs,  from  pf.  to 5 

A  glass  for  the  eye ^ O 

Ditto  for  the  ear 0 

A  new  perpetual  inAammable  air  lamp,   lighted  by  the 

electrophorus,  a  curious  and  useful  apparatus 4  14    6 

A  rariety  of  other  apparatus  too  numerous  to  be  herein  inserted, 

which,  as  well  as  the  machines,  are  mounted  from  the  most  approved 

eligible  methods,  so  as  to  render  them  in  action  both  powerful  and 
I  permanent. 

Tor  «  dMcriptkim  ^tketrkal  apparatfut^  Me  the  hte  Mr.  G.  Adamses  Essay  on  Elec- 
tricity, hg  W.Jones,  8ro.  fix  piatis\  new  edition^  ptice  Ss,  in  boards, 

Barombtees,  plain  mounted,  from  l/.  18s.  to 3  O  O 

Thermometers  for  all  the  various  purposes,  from  9^.  to  . ..  3  3  O 
!Six*s  new  thermometersjfor  shewing  the  extremes  of  heat  and 

cold  in  the  absence  of  the  observer,  from  I/.  1  Is.  6^.  to  ..  2  12  6 

An*  hygrometer,  shewing  the  moistureand  dryness  of  the  air  O  10  6 
Barometers,   thermometers,    and  hygrometers,  all  in  one 

neat  mahogany  frame,  from  47. 4s.  to 6  l6  6 

Barometers  for  measuring  the  heights  of  mountains,  4/.  4s.  to  10  10  O 

Marine  barometers,  diagonal,  wheel,  and  statical  ditto. 

Kew  hygrometers  constructed  by  De  l.uc,  &c.  from  2/. 2s.  to  3  3  0 

A  rain  gauge,  with  float  and  tin  vessel . .  .  >. 1  3  0 

Wind  gauges  of  the  constnictions  of  Dr.  Lind,  &c 0  lC>  O 

iiccurate  hydrometers  for  discovering  the  strength  &  propor- 
tion of  compounds  in  spirituous  liquors,  from  1/.  1  Is.  6a,  to  4  4  0 

Hydrostatic  balances,  from  2/.  12s.  6^/.  to 9  Q  O 

An  apparatus  for  hydrostatical  experiments*  3/.  13s.  6^.  to  •  21  O  0 

Artificial  magnets,  in  bars  and  sets  of  bars,  from  2s.  6d,  to...  6^0 

Ditto  in  shape  of  a  horse-shoe.«  the  strongest  form.  Is.  6d.  to  1  1  O 

Ditto,  combined  to  any  number,  from  1 2s.  to 21  0  O 

Box  of  magnetical  apparatus,  illustrating  a  variety  of  curious 
and  entertaining  properties  in  magnetism,  consisting 
chiefly  of  the  fdlowing  articles  j  a  set  of  six  artificial.  bf»r 


Li«  J 
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magnets  $  two  horse-shoe  magnets ;  six  small  iron  balls  | 
a  magnetometer  3  two  magnetical  spinners  5  a  small  dip- 
ping needle;  a  eimbal  compass ;  two  brass  magnet  tables ; 
an  anned  combmed  magnet ;  six  magnetic  needles,  with 
six  pointed  stands;  and  sundry  other  illustrative  and  enter* 
tainmg  articles,  all  packed  in  a  mahogany  case,  51, 5s.  io    7    7    ^ 

Dipping  needles,  yariation  &  other  compasses  in  great  variety* 

pyrometers,  shewing  the  expansion  of  metals,  from  3/.  3s.  to    8    S    O 

^Tht  mechanical  powers,  for  illustrating  and  demonstrating 
the  laws  of  motion,  gravity,  &c.  a  set  neatly  made  in 
brass,  consisting  of  the  balance,  the  pullies,  different 
kinds  of  levers,  the  inclined  j^lane,  the  wheel  and  axle, 
the  screw,  a  compound  engine^  a  compound  lever,  a 
double  cone  to  move  up  an  inclined  plane,  friction  wheels, 
weights,  wedges,  &c.  complete 25    4    Q 

The  same  occasionally  made  on  a  more  elegant  and  enlai|^ed 

plan,  for  a  large  auditory,  40/.  to CO    O    O 

Ditto,  with  many  parts  of  the  apparatus  made  of  mahogany, 
and  the  whole  set  packed  in  a  box 18  18    O 

Separate  sets  of  pullies,  variously  constructed  and  combined. 

A  small  carriage  with  inclined  plane,  and  wheels  of  dif!e- 
rent  sixes,  &c.  experimentally  proving  the  friction,  re- 
sistance, &c.  of  all  sorts  of  wheel- carriages 8  18    6 

Ferguson's  compound  engine,  in  which  all  the  simple  mecha* 

nical  powers  work  together 4  14    9 

A  whirling  table,  for  ex]3laining  and  demonstrating  the  laws  / 
of  the  planetary  motions,  the  demonstrations  of  the  doc- 
trine of  the  tides,  and  other  properties  of  gravity  and  cen- 
trifugal force,  from  idL  l6s,  to 27    6    O 

Atwood*s  elegant  and  accurate  apparatus  for  demonstrating 
the  laws  of  accelerated  and  retarded  motion,  and  other  in- 
tencsting  laws  in  mechanics 25    4    O 

Several  small  niahogany  models  for  explaining  the  centre  of 
^vity,  the  line  of  direction,  &c 2    9    O 

FOR  PHILOSOPHICAL  CHEMISTRY. 

Glass  bottles  with  bent  necks,  from  5s,  to O  10    6 

A  glass  machine  for  impregnating  water  with  fixed  air,  and 

apparatus 2  12    6 

Glass    eudiometer  tubes,    for  ascertaining  the  purity  of 

airs,"  &c ^ . . . .    O  10    6 

Ditto,  as  improved  bv  Abbe  Fontana,  &c •    2    4    O 

Gazometers  by  Priestley,  Lavoisier,  &c.  from  1/.  15x.  to  ....    5    5    O 

A  blow  pipe  with  various  caps,  for  fluxing  metals,  8rc O    7     ^ 

Ditto,  with  silver  spoon,  megalascope,  &c 1     1     O 

Ditto,  ditto,  with  a  variety  of  other  necessary  apparatus, 
packed  in  a  fish-skin  case,  forming  Cronsteat  s  complete 

pocket  laboratory,  improved  by  Magellan 2  18    6 

Magellan's  new  portable  lamp  furnace,  with  the  blow-pipe, 
small  glass  retorts,  &c.  &c.  for  chemical  as  well  as  mine- 

ralogical  operations,  on  a  smril  scale 4  14    6 

Ditto,  with  the  double  bellows  to  apply  to  the  blow-pipe.,    f    7    O 
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Double  bellows,  with  deal  table  and  appendages  for  glass* 

blowing   2  12    6 

A  mineralogical  goniometer,  to  measure  the  angles  of  chrys- 

tals,  in  a  case 1     4    0 

A  wooden  tub  for  water,  and  another  for  quicksilver,  with 
a  selection  of  glass  apparatus  for  performing  the  late  dis- 
covered experiments  on  gasses 6    6    % 

A  box,  containing  all  the  useful  precipitants  of  Bergman, 
&c.  for  analysing  waters,  and  fluxes  for  the  blow-pipe  in 
phials  with  glass  stoppers,  with  printed  description  of  ditto    6    6    0 

A  mahogany  case,  containing,  in  phials,  a  variety  of  prepa- 
rations for  young  persons  to  perform  amusive  and  instruc- 
tive chemical  experiments 3  13     6 

Fumigating  bellows,  for  destroying  insects  in  gardens  by  to- 
bacco, from  1/.  6s.  to .* 1   l6    0 


^ 


Instruments  of  Recreation* 

The  sensitive  fishes,  that  have  the  property  of  swimming  to 
a  piece  of  bread  placed  at  the  end  of  a  stick  -,  and,  when 
the  other  end  is  presented,  of  retreating  and  going  back, 
sensible,  as  it  were,  of  no  substance  for  them  to  eat O    6    (> 

The  sagacious  swan,  that,  with  a  machine,  makes  three  kinds 
of  amusements — 1st.  the  swan  will  point  out  the  secrets 
of  the  cards;  2d.  it  will  point  answers  to  1 6 humourous 
enigmas  \  and  3d.  disclose  any  particular  hour  that  was 
thought  of,  packed  in  a  case w 1  18    O 

A  box  containing  four  numbers  and  four  letters,  the  order 
of  which  may  be  discovered,  if  ever  so  secretly  placed,  by 
means  of  a  curious  perspective ^ O  10    (5 

Ditto  with  five  numbers,  no  perspective,  but  another  very 
similar  box,  made  in  neat  mahogany  boxes,  and  more 
ditiicult  to  discover  the  reason  of 118    O 

A  communicative  mirror,  shewing  portraits  of  any  one  of 

four  secretly  chosen  ;  an  elegant  curious  instrument  ..♦*^.     2  12    6 

A  box  containing  five  pieces  of  ditierent  metals,  which  may 
any  way  be  secretly  placed,  and  their  situation  be  told  by 
the  magical  perspective , ..     18    0 

An  optical  paradox,  containing  two  perspectives,  between 
which  a  board  may  be  placed,  and  the  object  will  be  seen 
through  them  just  as  w<  11  as  if  the  board  was  not  there    0  10    6 

An  optical  deception,  containing  from  six  to  twelve  different 
paintings,  which  are  looked  .down  upon  through  a  perspec- 
tiv'*,  and  immediately  there  appears  another  very  different 
object,  without  any  sdteration  of  the  instrument  whatso- 
ever, or  concern  of  the  person  using  it,  l/.  llj.  6d,  to 3     3    0. 

A  diagonal  opera  glass,  diat  shews  persons  on  one  side, 
whf'H  th^'  glass  is  presented  to  the  object  directly  before 
jou»  from  6j.  to # • • .  •  •  •  r  •  •  •  •     0  1^    O 
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Multiplying  glasses,  making  one  object  appear  a  gre^t^ 
number,  from  li.  6J.  to 0  10    8 

A.  set  ot  anamorphoses,  or  deformed  pictures,  rectified  by  a 
polished  cylinder  . . .  i 2  12    6 

A  mathematical  recreation,  containing  near  seventy  figures 
on  a  card  ;  any  one  figure  being  thought  of,  is  readily 
pointed  out  by  any  one  using  it 0     10 

The  two  curious  mathematical  cubes,  one  of  which  is  gauged 
so  as  to  prove  it  to  be  larger  than  the  other,  yet  the  larger 
one  will  actually  fan  through  the  smalJer  one,  and  not  in 
any  degree  stretch  it ... , 1     O    O 

The  mathematical  paradoi;,  a  piece  ot  wood  of  one  figure, 
fits  exactly,  and  passes  through  a  triangular,  a  square, 
and  a  circular  hole ,    0    2    O 

A  double  cone,  that  apparently  rolls  upwaxds  up  an  inclined 
plane,  though  actually  descending ^    0    4    O 

A  mechanical  instrument,  consisting  of  a  cube  and  twq 
wpoden  handles,  that  supports  itself  on  a  point,  although 
the  entire  form  and  weight  appear  evidently  all  on  one  side    0  12    O 

A  cylindrical  mirror  that  produces  two  or  three  «urious  op- 
tical effects 1     1    O 

A  magic  or  electrical  bottle,  that  is  charged  by  the  rubbing 
of  a  ribbon  only,  and  will  give  a  shock  to  five  or  six  per-  . 
sons,  with  apparatus,  in  a  pocket  case O  10    6 

Concave  mirrors  fitted  up  in  boxes,  to  magnify  prints,  to 
shew  various  deceptions  in  an  entertaining  and  pleasing 
manner,  from  51, 5s,  to ^^ ,. , , .    12    O    O 


^ 


Besides  the  preceding,  a  great  variety  of  other  articles  too  numerous  to 
be  included  in  this  catalogue,  as  well  as  any  instrumental  article  made 
from  particular  drawings,  or  as  described  by  the  different  writers  upon 
mathematics,  philosophy,  pllilosophical  chemistry,  &c.  And  students 
qf  the  sciences  furnished  with  the  most  approved  elementary  treatises. 


« 


Merchants,  shopkeepers,  schoolmasters,  and  others  that  sell  agaiii^ 
are  supplied  with  the  best  articles,  and  with  good  allowance^ 

Letters  from  the  countiy  or  abroad,  containing  orders  or  previous 
inquiries,  explicitly  and  punctually  attended  to.      ' 

Les  acadimieSt  ohservaicires,  et  ecoles  de  fc^Sy  strangers,  aimi  que  les 
•  lugacianis,  marchands,  et  autres  personnes  feuvent  se  procurer  Unites  sortes 
d' instruments  de  la  meilleure  qualite,  tant  pour  les  materiaux,  que  la  main 
d'oewvre,  ofvec  la  plus  grande  expedition,  et  au  plus  juste  prix. 
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BOOKS  PUBLISHED  BY  W.  JONES. 

A  Description  and  Use  of  the  New  Portable  Orrer/,  to  which 
is  prefixed  a  short  account  of  the  aolar  system,  including  a 
concise  description  :?f  the  recent  discoveries  by  Or.Herschcl, 
the  New  Comet,  &c.  with  four  copper-plates^  bth  edition     0    3    6 


A  Description  and  V$e  of  the  Hadley'i  Quadrant,  with  an 
account  of  all  the  new  apparatua  added  to  it,  for  taking 
observations  accurately,  in  order  to  determine  the  longi- 
tude at  {«a ;   illustrated  by  copper-plate  figures,  2d  edit.    O     1     6 

A  Description  and  Use  of  the  Pocket  Case  of  Mathematical 

Drawing  Instruments,  illustrated  by  copper  plate  figures    0     10 

Methods  of  finding  a  Meridian  Line,  to  set  sun-dials^  regu- 
bte  clocks   watches,  &c 0    O    6 

Directions  for  finding  a  Meridian  Line,  on  a  card 0    O    3 

A  concise  £xplanation  of  the  Barometer,  Thermometer,  and 
Hygrometer,  with  rules  for  predicting  changes  in  the  wea- 
ther, in  a  small  box  6d.  on  a  pasteboard  varnished O     1     O 

Cowley's  Illustration  of  Solid  Ge  metry,  containing  42  cop- 
per-plates of  moveable  figures  ;  a  work  very  useful  and 
convenient  for  teachers  and  young  students  in  gcometiy, 
as  the  figures,  when  folded  up,  form  exactly  the  solid 
figuresot  the  flatonic  bodies,  conic  sections,  and  several 
portions  of  Euclid's  Elements,  &c.  &c.  boards I     4    O 

OtRKK  EPbOKS  SOLA  BY  W,  AHD  S.  JONES. 
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Htrtton*s  (Dr.) Mathematical  Dictionary,  2  vols,  boards  ...     4    4    0 

Mendoza's  Astronomical  Tables,  boards 2  10    0 

I^icholsons  Philosophical  Journal,  10  vols,  boards 8     8    0 

The  Philosophical  1  ransactions  of  the  Royal  Society,  con- 
taining 1 1  vols,  of  the  Abridgement  j  and  from  thence, 
the  C  ontinuation  at  large  to  the  present  time ;  the  Index^ 
with  lirchs  and  Sprat's  History,  5  vols,  all  in  uniform 

clean  calf  binding  and  tooled  backs,  in  65  vols.  . . , 66    O    0 

yince*s  Treatise  on  Astronomy,  in  3  vols,  sewed 4  14    6 

flodgkin's  Definitions  of  the  Terras  mvde  use  of  in  Geogra-  ' 
phy  and  Astronomy  .,••«•••« ,,• O    4    O 

OCTAVO* 

Keith's  Introduction  to  Plane  and  Spherical  Trigonometry, 

boards ^ 0  12  0 

Mackay*s  Theory   and  Practice  o^  the  Longitude,  2  vols. 

boards 1     1  0 

■                 Complete  Navigator , . . . ,  0  12  0 

Cavallo^s  Treatise  on  Magnetism,  with  Supplement,  3d  edit.  0  8  0 
Mountaine^s  description,  &c.  of  Jlobertson's  improved  3  ^t 

sliding  Gunter  s  scale , 0    2  0 

Moore*s  Practical  Navigator, or  Seaman's  Daily  Assistant. .  O  J2  O 

Thomson^s  System  of  Cbemistiy,  4  vols,  boards 3    O  O 

Nautical  Almanacks,  a  complete  set  bound,  28  vols , .  3    5  O 

Ditto  for  any  year  to  1804 O    5  O 

Requisite  Tables  to  the  above,  unbound O    5  O 

Robertson's  Elements  of  Navigation,  new  edit.  2  vols 1     8  O 

Wale*s  Method  oP  finding  the  Longitude  by  Time-keepers, 

asd  Description,  of  a  portable  Transit  Instrument,  £cc,  • .  0    3  6 

FINIS. 


LoNDow,  Jan,  1,  1813« 

W^  atid  S.  Jones  iake  this  Opportitnity  of  Inform- 
ing the  Public^  that  they  have  purchased  the  Stock  and 
(^pyright  of  the  several  Philosophical  Works  by  the  late 
Mr.  George  Adams«  deceased,  of  Fleet  Street ;  and  that 
they  are  now  sold^  as  follow ^  at  their  Shop^  No.  30,  Lower 
Holbom. 

I.  LECTURES  ON  NATURAL  AND  EXPERIMENTAL 
PHILOSOPHY,  CQQsidered  in  its  present  Sutc  of  Improvement  j  and 
«teaciibing  in  a  familiar  and  (easy  Maimer  the  principal  Phenomena  of 
Nature.  Sec&ni  Etlltion^  with  considerable  Corrections  and  Additions, 
both  in  the  Letter-press  and  Copper-plate  Figures;  containing  more 
compete  Exi^anations  of  the  various  Instruments,  Machines,  &c.  and 
the  description  of  many  others  not  inserted  in  the  former  EfUtion  j  bj 
W.  Jones,  Mathematical  Instrument  Maker.  In  five  Volumes,  T8vo. 
the  fifth  Volume  containing  the  Index  and  forty-two  folio  Copper- 
plates.    Price  1/.  125.  (V/.  in  boards. 

II.  ESSAYS  ON  THE  MICROSCOPE,  containing  a  particular 
Description  of  the  most  improved  Microscopes  ;  a  general  History  of 
Insects,  their  Transfopnations^  peculiar  Habits,  and  Economy;  an 
Account  of  the  various  Species  and  singular  I'roperties  of  the  hydne 
and  Vorticellae ;  a  Description  of  379  Animalcula ;  a  View  of  the  Or- 
ganization of  Timber,  and  the  Configurations  of  Salts  when  under  the 
Microscope,  &c.  &c.  Second  Ed^lion,  with  considerable  Corrections, 
Augmentations,  and  Improvements,  and  occasional  Notes ;  iogether 
with  Instructions  for  Procuring  and  Collecting  Insects,  and  a  new  co-^ 
pious  List  of  the  most  curious  and  interesting  Microscopic  Objects  ; 
by  Faederic  Kanuachbr,  F.  L.  S.  In  one  large  Volume  4to,  and 
illustrated  by  thirty-three  folio  Plates.    Price  1/.  12^.  in  boards. 

III.  GEOMETRICAL  AND  GRAPHICAL  ESSAYS.  This 
Work  contains,  1 .  A  select  Set  of  Geometrical  Problems,  many  of 
which  are  new,  and  not  contained  in  any  other  Work.  2.  The  De- 
?l|cription  and  Use  ot  those  Mathematical  Instruments  that  are  usually 
put  into  a  Case  of  Drawing  Instruments.  Besides  these,  there  are  also 
described  several  new  and  useful  instruments  for  Geometrical  Purposes^ 
^.  A  complete  and  concise  System  of  Surveying,  with  an  Account  of 
some  very  essential  Improvements  in  that  useful  Art.  To  which  is  add- 
ed, a  Description  of  the  most  improved  Theodolites,  Plane  Tables,  and 
other  Instruments  used  in  Surveying }  and  most  accurate  Methods  of 
adjusting  them.  4.  The  Methods  of  Levelling,  for  the  purpose  of  con- 
veying Water  from  gne  place  to  another;  with  a  Description  of  the 
most  improved  Spirit  I^evels.  5.  A  Course  of  Practical  Military 
Geometiy,  as  taught  at  the  Royal  Academy,  Woolwich.  6.  A  short 
Essay  on  I'erspective.  The  Faurth  EtMoUt  corrected  and  enlarged,  with 
the  Description  of  several  Instruments,  &c. '  unnoticed  in  the  former 
Edition,  by  W.  Jones,  F.  Am.  P.S.  j  illustrated  by  35  Copper-plates,  in 
2  Vols.  8vo.     Price  1&.  in  boards. 

VI.  AN  APPENDIX  TO  THE  GEOMETRICAL  AND  GRA- 
PHICAL  ESSAYS,  containing  the  following  Table  by  Mr.  JoHif 
Galb,  viz.  a  Table  of  the  Northings,  Southings,  Eastings,  and  Wesi- 
»ngs^  to  trety  Degree  and  Fifteenth  .Minute  of  the  Quadrant^  Radius 


